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ABSTRACT 
A study to determine the effects of supplemental foliar application of nitrogen and potassium on 
drought tolerance of sunflower (Helianthus annuus L.) was carried out in the Department of 
Crop Physiology, University of Agriculture, Faisalabad, Pakistan and in Nuclear Institute of 
Agriculture and Biology (NIAB), Faisalabad, Pakistan. Seven available sunflower hybrids were 
screened for drought tolerance potential through simulating stress induced by PEG-6000 in 
laboratory experiments using physiological indices measured at germination and early seedling 
stages. From these experiments sunflower hybrids Hysun-33 was identified as the best 
performing (drought tolerant) one while LG-5551 as drought sensitive. Both of these hybrids 
were used in further studies. One greenhouse experiment was conducted to select optimum 
nitrogen and potassium supplementary foliar application treatment combination effective in 
improving drought tolerance in sunflower. Outcome of this experiment was further tested for 
optimum time (vegetative or reproductive stage) of NK application in a lysimeter experiment. 
The results indicated that the foliar application of 0.5% N + 0.5% K along with soil application 
caused less decrease in water (Ψw) and osmotic potential (Ψs) as compared to other treatments 
that improved the turgor potential (Ψp). Similarly, the highest increase in physiological indices 
and photosynthetic rate (Pn), transpiration rate (E) and stomatal conductance (gs) was noted in 
plants foliarly sprayed with 0.5% N + 0.5% K under both normal and water deficit conditions. It 
was observed that the accumulation of osmoprotectants and activity of antioxidant enzymes was 
higher in both normal and water stressed plants applied with N and K as foliar application in 
combination at reproductive stage than vegetative stage. Similarly, the uptake of nutrients (N, P 
and K) was also significantly enhanced by supplementary foliar applied N and K at reproductive 
than vegetative stage.  The best treatment combination and optimum time of application were 
further tested in the field. A significant decrease in growth and yield components was noted in 
water stressed than normal plants. However, supplemental foliar NK application in combination 
significantly reduced the drastic effects of drought stress and resulted in higher yield than control 
plants (no spray). On the basis of the results of this study it is concluded that supplementary 
foliar feeding of nutrients is a potential approach technique to ensure satisfactory growth, yield 
and quality of sunflower under water stress conditions. Therefore this technique may be included 
in the agronomic recommendations for sunflower production.  
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Chapter 1        INTRODUCTION 
 
In Pakistan there are many oil seed crops which are cultivated relatively on a small land 
area. The most important traditional oil seeds crops are mustard, linseed, caster, sesame and 
rapeseed, whereas sunflower, safflower, soybean, are called non-traditional crops. Edible oil 
deficiency is one of the main challenges being faced to the economy of Pakistan.  A wide gap 
exists between consumption and production. Only 25% of the country’s requirements are being 
met by domestic means and the rest by importing either edible oil or oil seeds for which about 
more than Rs. 45.0 billion has to spend every year. As compared to previous three decades the 
production of local edible oil has been increased by 2.56% per annum from all sources, but the 
increment in consumption is 7.7% per annum (Govt. of Pakistan, 2009-2010).   
Sunflower is one of the four most important oil seed crops in the world. Total cultivated 
area occupied by sunflower in all over the world is about 23.31 million hectares and production 
is 29.90 million tones. In Pakistan, the area under sunflower is about 0.363 million hectares. 
There are many reasons of low acreage of sunflower in Pakistan such as no comprehensive 
marketing infrastructure, non-availability of a quality seed and lack of technical know-how 
among farmers. However, with the passage of time, the development of new hybrids and latest 
technologies, its production has increased from 750 kg ha-1 to more than 1700 kg ha-1. Sunflower 
has two growing seasons i.e. spring and autumn and can be grown in semi-arid conditions where 
large numbers of abiotic stresses such as drought are present which are limiting factors for crop 
production. Like other crops sunflower is also very sensitive to water stress at flowering, 
fertilization and grain filling stages however it is not very susceptible to water shortage at the 
start and end of the growing period (Stone et al. 1996 and Erdem at al. 2002). 
Water an important component of life is rapidly becoming a critically short commodity 
for humans and for growing crops. Water shortage not only limits plant growth but also crop 
productivity in arid region more than any other environmental factor (Boyer, 1982). The higher 
rate of evapotranspiration and reduced precipitation together are expected to subject natural and 
agricultural vegetation to a greater risk of more severe and prolonged water stress (Samarakoon 
and Gifford, 1995; Ellsworth, 1999). From germination of seed to plant maturation water is 
considered an essential element at every plant growth stage. Water stress reduces crop yield 
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irrespective to growth stage at which it occurs (Jensen and Mogensen, 1984). Deleterious effects 
are observed on plant growth and development due to water imbalance. However when water 
stress occurs at some particular growth stage then it has more adverse effects on crop yield (EI-
Far and Allan, 1995) depending upon the nature of crop species and even genotypes within 
species.  
Drought stress is one of the unfavorable environmental factors affecting agricultural 
productivity worldwide. Normally drought stress occurs at that time when atmospheric 
conditions cause continuous loss of water from plant leaves (transpiration) and loss of water 
from soil surfaces (evaporation) due to which reduction in soil water contents takes place. All  
plants are affected due to drought stress but some plants have the ability to cope with 
unfavorable environmental conditions but its extent varies from species to species and even 
within species. Water deficit and salinity stress have been identified as the global issues for 
sustainable food production (Jaleel et al., 2007) and the farmers are always interested to grow 
such crops which are either drought tolerant or able to perform well under low water availability 
(Bannayan et al., 2008). 
Water stress affects plants in different ways. In case of “physiology window” under 
minor water stress, plants maintain their relative water contents (RWC) through regulation of 
both water loss and uptake mechanism and hence little or no changes take place in 
photosynthetic capacity and quantum yield. Desiccation is the most severe form of water deficit 
in which protoplasm lose its water and a very little amount of water remains in the cell which is 
tightly bound to the cell. According to Larcher (1987), water stress has both harmful and 
beneficial components and is considered a selection factor as well as a driving force helpful in 
improving resistance and adoptive evolution. Under water stress condition stomatal closure, 
reduction in transpiration, plant water potential, photosynthesis and growth, accumulation of 
abscisic acid (ABA), manitol, proline sorbitol, synthesis of radical scavenging compounds and 
formation of new protein take place. Many sun-type or shade-type chloroplast adaptations 
(Lichtenthaler et al., 1981) also take place under water stress  
Nitrogen (N), being an important constitute of many plant cell components, including 
amino acid and nucleic acid is required in great quantity by all crops plants. Therefore, 
deficiency of this mineral element is a big constraint in crop production. Smoka et.al. (1965) 
determined a relationship between N fertilizer response and water availability and stated that 
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crop yield cannot be increased without sufficient water availability. Similarly without an 
adequate N supply the goal of higher yield may remain hidden even with ample soil water 
availability. It has been suggested that crop yield can be increased under low water availability 
by the use of N fixing legumes but N fixing activity may be low at low rate of N under drought 
condition (Streeter, (2003).  
 Potassium (K) is a third macronutrient required after nitrogen (N) and phosphorous (P) 
for plant growth. Potassium plays an important role in many processes such as photosynthesis, 
movement of photosynthates from roots to shoots, synthesis of protein, control of ionic balance, 
opening and closing of stomata, water-use efficiency and stimulating of plant enzymes 
((Marschner, 1995; Reddya et al., 2004). Potassium as a primary osmoticum helps plants in 
maintaining low water potential. Accumulation of ample K+ is necessary for water uptake along a 
soil-plant gradient under drought conditions. Potassium is generally stored in plants in response 
to water deficit (Glenn et al., 1996). Potassium fertilization alleviates adverse effects of drought 
on plant growth (Sangakkara et al.,2001), increases drought resistance by improving stomatal 
regulation, energy status, charge balance, synthesis of protein, osmoregulation and homeostasis 
(Marschner, 1995) and minimizes production of ROS (Cakmak, 2005). 
A better fertilizer management is necessary in regions of low water availability to make the 
role of mineral nutrients more efficient even in plants resistant to drought. Efficacy of soil-
applied N and K or foliar application of these nutrients alone under limited water conditions has 
been demonstrated in many research reports but there is very little research work on the effects 
of supplementary foliar application of N and K in mitigating the adverse effects of water stress 
particularly in sunflower. So keeping in view the above stated facts, the present study has been 
planned with the following objectives: 
i. To investigate the effect of drought stress on various physiological and biochemical 
attributes of sunflower.  
ii. To assess the role of supplementary foliarly-applied nitrogen and potassium in alleviating 
the adverse effects of drought on growth and yield of sunflower. 
iii. To determine the appropriate combination of foliar applied nitrogen and potassium for 
enhancing drought tolerance ability of sunflower. 
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Chapter 2      REVIEW OF LITERATURE 
   
The world population is increasing at an alarming rate and it is estimated that in the year 
2050 it will surpass its current number 7.0 billion to 9.4 billion (United States Census Bureau, 
2012). To meet the increasing demand of food for future generations it is necessary a vital raise 
in crop production, while protecting our ecological and other energy related resources but there 
are many factors including biotic (e.g., pathogens, insects and weeds) and abiotic (e.g., drought, 
salinity, cold, frost and water logging) that are great hindrance in increasing agricultural crop 
production (Oerke, 2006).   
Drought stress is one of the major adverse factors limiting agricultural crop productivity 
in all over the world particularly in arid and semi-arid zones where limited rainfall, high 
evapotranspiration and high temperature prevail for long period of time (Boyer, 1982). Water 
stress is a global problem that imposes severe and is great hindrance in higher crop production 
particularly in third world countries like Pakistan. Inadequate water in soil as well as in plants 
affects various physiological process (stomatal closure, reduction in cell enlargement and 
reduced leaf surface area) and biochemical processes which ultimately has negative effects on 
plant growth and development, nutrients uptake and grounds a variety of morphological and 
biochemical alterations (Ashraf and Mehmood, 1990).  
Drought has negative effects on nutrients availability because under drought stress 
nutrients absorption through roots is restricted. Plant roots are incapable to absorb nutrients from 
deeper soil. Moreover, nutrient translocation from root to shoot is also reduced due to the 
reduction in transpiration under water stress (Yuncai and Schmidhalter, 2005). Different 
approaches are being experienced worldwide to handle the problem of nutrients deficiency under 
water stress. Foliar application of nutrients has gained much consideration in this respect. Some 
of the significant efforts made by various researchers have been reviewed to describe the relevant 
work about the effects of water stress on nutrients availability especially in sunflower crop. 
 
Sunflower: 
Sunflower (Helianthus annuus L.) is an important oil seed crop originated in North 
America (most originated in the Fertile Crescent, Asia or South or Central America). It was 
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probably a "camp follower" of several of the Western Native American tribes who domesticated 
the crop (possibly 1000 BC) and then carried it eastward and southward of North America. 
Firstly, the Europeans observed sunflower cultivated in many places from southern Canada to 
Mexico. It was introduced in Europe through Spain. From Europe it spread as a curiosity and 
reached Russia where it was readily adopted. The high yielding sunflower oil lines from Russia 
introduced into the United States (U.S) after the Second World War (Robinson, 1973). The 
sunflower got its name from its huge, fiery blooms, whose shape and image is often used to 
depict the sun. Flower of sunflower is called flower head which is also called composite flower. 
Sunflower head (flower) is made up of 1000 to 2000 individual flowers joined at a common 
receptacle. Around the circumference flowers are called ligulate ray flowers which are without  
stamen or pistils but others flowers are called perfect flowers with stamens or pistils. Seed of 
sunflower is called achene which is chemically composed of 43-50% oil, 15-19% proteins and 
22-26% husk (Bileteanu, 1969). In temperate regions, sunflower requires approximately 11 days 
from planting to emergence, 33 days from emergence to head visible, 27 days from head visible 
to first anther, 8 days from first to last anther, and 30 days from last anther to maturity (Jack, 
1978).  
Sunflower belongs to family Asteraceae and it is the fourth largest oil seed crop in the 
world (Rodriguez et al., 2002). Height of sunflower plant commonly ranges from 1.5 to 3m. 
There are two main types of sunflower, oil seed for vegetable oil production and nonoil seed for 
human and bird- food markets. The cultivated sunflower (Helianthus annuus L.) has 67 species 
in the genus Helianthus mostly found in the United States (U.S). The basic chromosome number 
for the genus Helianthus is 17. In the genus Helianthus diploid, tetraploid and hexaploid species 
are also reported. In spite of being an oil seed crop it can be used as a medicinal crop, source of 
dye, body painting and other decorations. Sunflower oil has high nutritional value and a potential 
source of protein for human consumption (Saulski, 1979). Oil of sunflower is called premium 
oil, light yellow in colour have decent odour and like other edible oils can be used for cooking 
purpose.  
    
Sunflower production in Pakistan 
Edible oil deficiency is one of the big challenges to the economy of Pakistan. A wide gap 
exists between production and consumption of edible oil in Pakistan. Every year, we spend more 
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than 45.0 billion rupees on the import of edible oil.  As compared to previous three decades the 
production of local edible oil has been increased by 2.56% per annum from all sources, but the 
increment in consumption is 7.7% per annum. During the year 2012-13 (July-March), 1.738 
million tons of edible oil valued at rupees 153.3 billion (US$ 1.595 billion) has been imported. 
(Economic Survey of Pakistan, 2012-2013). Owing to the increasing demand of peoples for 
sunflower oil as edible purposes, it may become a promise future oil-seed crop of the country. 
In Pakistan, sunflower is planted on about 0.363 million hectares in the four provinces. 
Its expansion since its introduction remained restricted due to the absence of systematic market 
mechanism, non-availability of quality seed and poor adaptability of imported hybrids. 
Sunflower can be planted with a wide range of dates, as most cultivars are earlier in maturity 
than the length of growing season in most areas. In Pakistan it is planted twice a year once in 
summer (July- August) and second time in spring (January-February). To obtain satisfactory 
crop stand and good emergence a planting depth of 1-3.5 inch is recommended because at this 
depth seeds get an adequate moisture contents. Planting seeds at deeper depth has significant 
effects on crop stand and yield (Robinson, 1985).  
 
Drought and sunflower: 
Drought is usually well defined as a period without significant rainfall and it is 
meteorological term in which atmospheric conditions cause continuous loss of water by 
evaporation or transpiration due to which available water contents may be reduced. Water deficit 
is a term that is usually described as shortage of water that is necessary for a plant to complete its 
lifecycle and grow normally (Manivannan et al., 2008). Water deficit (drought) is a major 
environmental restriction in crop productivity. It was the reagent of the great famines of the past. 
The demand for the food is increasing rapidly with increasing population as compared to world’s 
water supply which is limiting (Somerville and Briscoe, 2001). The drought harshness is 
unchangeable as it depends on many factors such as evaporative demands, occurrence and 
distribution of rainfall and moisture storing capacity of soils (Wery et al., 1994). Plants face 
many types of stresses while growing in nature such as drought, low temperature, heat, salt and 
heavy metal toxicity. However one of the major factors limiting plant growth and yield 
worldwide is drought. All plants show drought stress tolerance but its extent varies from species 
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to species and even within species. The major hurdle in sustainable food production is the water 
deficit (Jaleel et al., 2007). 
The more injurious effects of drought on the growth of many plants such as soybean 
(Abdalla 2011), white lupins (Hefny, 2011) and bambara groundnuts (Vurayai et al. 2011) has 
been reported many times ago. Shortage of water not only caused a lot of changes in 
physiological, molecular and biochemical parameters but also pronounced inhibitory effects on 
growth and development of plants (Boutraa 2010). It is well studied that inadequate availability 
of water caused reduction in cell elongation and disturbed growth promoting hormones which 
ultimately lead to decline in cell turgor, volume and finally plant growth (Banon et al. 2006),  
due to which overcrowding of xylem and phloem vessels and delaying translocation.  
The first critical and most sensitive stage considered in the life cycle of plant is seed 
germination. High temperature, low atmospheric humidity and water deficit are major factors 
that lead to drought and have negative effects on seed germination, plant growth and 
development in purpose of obtaining higher yield. Therefore the plants which are more efficient 
in water use can produce better yield under limited water conditions. However certain critical 
plant stages such as germination, seedling and flowering are most affected under low water 
availability (Ahmad et al., 2009). Water stress has negative effects on germination and seedling 
growth of many crops such as sorghum, wheat and sunflower as reported by (Oomah et al. 
2006). Like other oil seed crops sunflower is also sensitive to water shortage at germination 
stage. Under water stress conditions seed germination may be decreased due to some metabolic 
disorders because at imbibition and seed turgescence stages water absorption may be reduced 
due to low water availability that results in low germination percentage and germination rate 
(Hadas., 1977).  
Sunflower germination is susceptible to water shortage; as with increase in osmotic 
stress, a reduction in germination and biomass accumulation has been observed (Sajjan et al., 
1999). An increment in mean germination time is more noticeable in response to water deficit. In 
germination studies polyethylene glycol (PEG-6000) is used to control water potential of the 
growing media. It has been observed that polyethylene glycol (PEG-6000) has effects on seeds 
germination by reducing the water availability to seeds, excessive absorption of nutrients and 
metabolic disorder in protein synthesis (Bouaziz et al., 1990). Sadasivam et al. (2000) screened 
15 rice genotypes using PEG-6000 under laboratory conditions by developing four levels of 
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osmotic stress (0, -0.5, -0.75 and -1.00 MPa) at germination and seedling growth stages. A wide 
variation in genotypic response to germination, seedling growth and root growth were observed 
in response to PEG-induced water stress. The stress level of -6 bars has been reported for 
appropriate screening of genotypes Manjula et al. (2003). A study was carried out to examine the 
response of sunflower roots under stress. It was revealed that better root growth is helpful to 
overcome the adverse effects of drought. An increment in root length under stress is due to 
higher osmotic adjustment ability of drought tolerant genotypes. However the negative effects of 
low availability of water have been reported in many crops such as sunflower (Mohammad et al., 
2002). 
 
Biomass production and yield 
One of the major adverse effects of water stress is decrease in fresh and dry mass 
production in many crops. Almost all genotypes of sunflower show reduction in biomass 
production under water stress (Tahir and Mehid, 2001). In developing a high yielding variety 
crop growth rate (CGR) and crop growth duration (CGD) along with other vegetative and 
reproductive parameters have great significance. Some of the essential parameters such as dry 
matter accumulation, leaf area index (LAI), crop growth rate and duration have key role in 
evaluation of cultivars in term of dry matter production and yield differences (Soriano et al., 
2004). Better leaf area index (LAI) can be produced when sunflower irrigated at various stages 
(seedling, buttoning and seed development). Thakuria et al., (2004) reported improved crop 
growth rate, plant height, leaf number, dry matter accumulation, and leaf area index and crop 
growth rate at various intervals in sunflower under irrigated conditions as compared to non-
irrigated sunflower. The increase in irrigation frequency has significant effects on all the growth 
and yield contributing components (i.e. plant height, days to maturity, head diameter, seed yield 
and oil content). Increase in irrigation intervals also increases days to maturity in sunflower as 
reported by Aziz & Soomro (2001).  
Increase in irrigation interval also affects dry matter accumulation (Velu and Palanisami 
2001). Razi and Asad, (1998) observed increase in days to physiological maturity, stem 
diameter, head size, number of leaves per plant, grain yield, 1000 grain weight, plant height and 
harvest index directly proportional to the irrigation frequency. Achene yield in sunflower can be 
reduced up to 29% when stress is imposed at flowering stage. Water stress imposed to different 
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genotypes of sunflower at bud initiation and seed filling stage can cause great reduction in seed 
and biological yield. It has been observed that this reduction is prominent when stress occurs at 
both stages as compared to alone seed filling stage (Prabhudeva et al., 1998). 
Shortage of water at vegetative stage of plant development causes reduction in stem 
height, stem diameter, less number of leaf per plant and reduced leaf area and node number. 
However, extension in root length occurs under water stress condition at the disbursement of 
above-ground biomass that is an indication of an increased root to shoot ratio (Sobrado and 
turner, 1986). Lower above ground surface area produces less biomass that result in low 
exposure to light/heat and less photosynthetic activity. As a result assimilation of photosynthetic 
products during reproductive phase may be decreased that causes reduction in head diameter, 
number of rows per head and number of achene per head. There is a positive relationship of these 
reductions with harshness of drought (Rauf and sadaqat, 2007a).  
Water stress at flowering stage also has significant effects on plant growth and 
development. Low availability of water at this stage causes abortion of ovaries and embryo, 
infertility of pollens, reduces leaf area index, less number of achene per head, reduction in 100-
achene weight and number of fertile achene per head (Reddy et al., 2003). Physical 
characteristics of seeds such as seed size, seed weight and hull contents are negatively affected 
by shortage of water. However, if drought is imposed at achene filling stage then less damage 
may occur because at this stage plant responds to stress by early, immediate leaf senescence and 
utilization of stem reserves to the developing achene (Rauf and Sadaqat, 2007b).  
An experiment demonstrated by Go Ksoy, (2004) determined the most critical stages of 
sunflower at which water is essential. In which 13 different irrigation treatments including full 
(about 360 mm) and limited (40 and 60%) irrigation water were applied at three different growth 
stages (heading, flowering and milking) and compared with rain fed (non-irrigation) treatment as 
control. Highest seed and oil yield was obtained from the HFM treatment that increases 85.5% 
and 88% respectively, compared with control. However in limited irrigation treatments the seed 
and oil yield were: 78.7 and 77.4% for H60FM, 77.4 and 78.9% for HF60M, 76.4 and 79.2% 
HF40M, 72.7 and 73.6% for HFM60, 77.6 and 79.1% for HFM40. They concluded on the basis 
of the results that irrigations at heading, flowering and milking stages give satisfactory yield in 
sunflower. The major objective of growing crops is to gain greater harvestable yield. Sunflower 
yield is strongly correlated with planting time. Early planting crop has greater yield that is 
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associated with both an increase in grain number and in individual grain weight. Drought has 
powerful effects on harvest index of sunflower which is a complex process and depends on 
intensity and timing of prevailing to developmental processes that determines components of 
yield (Soriano et al., 2002).  
Drought stress at bud initiation stage is more detrimental than at grain filling stage in 
sunflower crop that is more harmful to seeds and biological yield (Prabhudeva et al., 1998). 
Head diameter, 100- achene weight and yield per plant in sunflower may be reduced under 
drought. A positive correlation of head diameter exists between shoot dry weight and achene 
yield per plant but a negative one between fresh weight of shoot and that of root under water 
stress. Withholding water for more than 12 days at grain filling and flowering stage in sunflower 
crop causes a great reduction in achene yield (Reddy et al., 2004). Plant growth, achene yield 
and quality of achene is significantly affected when stress occurs at critical stage (Unger, 1990). 
The selection criteria for a drought tolerant cultivar are highest plant height, greater stalk 
diameter and seed yield as suggested by Mozaffari and Zeinali (1997). 
 
Water relations parameters  
 Water is a universal solvent which is found in three different forms at a time (solid, liquid 
and gas) required essentially for most of the metabolic activities of plant. Water shortage effects 
growth in many plants. Many physiological and metabolic processes are diminished under low 
supply of water. Different water relations characteristics are observed in different plant species 
and lines to indicate that plant species or lines are drought tolerant or drought resistance 
(Sobrado and Turner, 1983). Shortage of water has significant effects on many physiological 
processes in plants. Under water stress reduction in water potential, osmotic potential and gas 
exchange parameters has been reported by Tezara et al. (2002).  
The important parameters of plant water relations are relative water contents, leaf water 
potential, transpiration rate and, stomatal resistance. In wheat crop the relative water contents of 
leaves are initially higher during leaf development but reduced as the dry matter accumulated 
and leaves matured (Siddique et al., 2001). Relative water contents are lowered in wheat and rice 
of stressed plants as compared to non-stressed plants. Under drought transpiration rate, relative 
water contents and leaf water potential of these plants decreases but leaf temperature increases. 
The more negative effects of drought on growth parameters is lowering of leaf relative water 
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contents that reduces leaf turgor pressure and absorption of water and nitrogenous compounds 
(Reddy et al. 2003), leading to limit the process of cell division and enlargement. Declining 
relative leaf water contents is due to low swelling pressure in plant cells which ultimately 
decreases plant growth. Water potential decreases in root region and in whole plant with the 
depletion of water from soil and if this resistance remains constant; water potential in plant 
decreases to maintain transpiration rate (Tiyar and Pit, 1994). Plant response to water stress can 
be calculated by measuring leaf water potential. Singh et al. (1990) demonstrated that wheat 
genotypes shows more prominent differences in leaf water potential under water stress. Leaf 
relative water content (RWC) was referred a reliable indicator of plant water status as compared 
to leaf water potential as proposed by Sinclair and Ludlow (1985).  
All components of plant water relations are affected by low availability of water but 
stomatal opening and closing is more strongly affected. However, impact of change in leaf 
temperature is stronger in maintaining leaf water potential under water stress. Drought tolerant 
species show high water use efficiency and plant growth is positively correlated with water use 
efficiency. Plant growth is reduced in plants that have low water use efficiency. Water stress 
results in decline cell enlargement and growth, closing of stomata, lower water contents, 
diminished leaf water potential and turgor loss. Prevailing of water stress for a long period of 
time causes disruption of metabolism, reduction in photosynthesis process and to end with death 
of plant (Jaleel et al., 2008c). Cell enlargement is more affected than cell division by water 
stress. Water stress disturb many physiological and biochemical processes such as respiration, 
photosynthesis, translocation of carbohydrate, ion uptake, nutrients uptake and growth promoters 
that are closely associated with plant growth (Farooq et al., 2008). 
Under water stress plant responds in different ways but it depends upon the severity, 
timing and duration of stress periods. In addition to this plant response to water stress also 
depends upon genotypic variation and plant growth stage (Jefferies, 1995). The most sensitive 
stages to water stress in sunflower are heading, flowering and milking as suggested by Anderson 
(1979). Water stress at flowering stage causes considerable reduction in both yield and oil 
contents.  
Gas exchange characteristics    
Drought stress has several responses that are interrelated. It is well known that many 
physiological and metabolic processes are damaged in plants by drought (Levitt, 1980). Deep 
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study has been carried out to determine the effects of stomatal and non-stomatal factors on 
photosynthesis under water stress. Photosynthesis which is significantly affected by drought is a 
process in which plants are able to synthesize their food. Under drought process of 
photosynthesis is reduced due to reduction in leaf expansion, impaired photosynthetic 
machinery, untimely leaf senescence that results in low food production (Wahid and Rasul, 
2005). Drought causes the stomata to close that lead to restriction in CO2 uptake that could be 
associated to increase susceptibility to photo-damage. Drought has significant effects on 
photosynthetic process in plants. It has been demonstrated that under drought stress decreased in 
photosynthetic activity can be attributed to both stomatal and non-stomatal limitations 
(Shangguan et al., 1999; Yordanov et al., 2003; Zlatev and Yordanov, 2004).  
One of the quick response of drought is stomatal closure that reduced transpiration rate 
and CO2 absorption and ultimately show the way to decreased photosynthetic activity (Nayyar 
and Gupta, 2006; Yang et al., 2006). Under drought stress variations in photosynthetic pigments 
may be produced, photosynthetic apparatus may be spoiled and activities of Calvin cycle 
enzymes may be reduced which are major factors to reduce crop yield (Monakhova and 
Chernyadèv, 2002). It is determined by Tardieu et al. (1991) that root water potential developed 
by increasing the concentration of ABA in xylem sap is helpful in controlling the stomatal 
conductance. Root physiological characteristics also have great effects on stomatal closure. It is 
evident from many past research results that decrease in stomatal conductance also limit 
photosynthetic rate (Tenhunen et al., 1987; Nilsen and Orcutt, 1996). Since reduction in leaf 
water potential due to the effect of root physiology or soil water conditions caused the stomata to 
be closed and decreased photosynthetic rate. Under water stress stomata will be closed caused 
reduction in CO2 diffusion into leaf, the inhibition of ribulose-1,5-bisphosphate 
carboxylase/oxygenase (Rubisco), a non-stomatal factor and ultimately photosynthetic efficiency 
of plants may be reduced (Lawlor & Cornic 2002), resulting inhibition of ATP synthesis (Tezara 
et al. 1999). 
Growth and photosynthetic capacities of plants is concentrated due to instability between 
the production of reactive oxygen species (ROS) and antioxidant defence mechanism (Reddy et 
al., 2004). As a consequence reactive oxygen species (ROS) may be produced which induces 
oxidative damage in proteins, membrane lipids and other cellular components. Different 
response of sunflower cultivars are displayed with respect to gas exchange characteristics under 
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water stress. Stomatal conductance and transpiration rate may be reduced in drought sensitive 
cultivars of sunflower under water stress as compared to drought tolerant once (Ashraf and O 
Leary, 1996). Imposing stress at reproductive stage causes reduction in stomatal conductance and 
CO2 assimilation rate in intact leaves of many sunflower cultivars (Pankovic et al., 1999).  
  
Drought, nutrients availability and plant growth 
Mineral nutrition is considered one of the most important factors in relation to plant 
growth (Li, 2007). The basic need of all living organisms is proper utilization of nutrients. For an 
organism to complete its life cycle 17 elements are considered essential (Waraich et al., 2011). 
The nutrients essential for plant growth are divided into two categories; macronutrients and 
micronutrients. Macronutrients include carbon (C), hydrogen (H), oxygen (O), nitrogen (N), 
phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S). Micronutrients 
are zinc (Zn), copper (Cu), iron (Fe), manganese (Mn), boron (B), molybdenum (Mo), chlorine 
(Cl) and nickel (Ni) (Waraich et al., 2011). 
 Availability of nutrients mainly nitrogen play a significant role in increasing the yield of 
agricultural crops (Sawan 2006). Nitrogen is an essential nutrient for plant growth and 
development as it is a vital constituent of nucleic acid, amino acid, protein, enzymes and 
chlorophyll (Chl), etc. (Esteban et al. 2004 and Haque et al. 2006). Nitrogen being an essential 
component of amino acids that is pre-requisite of protein synthesis and many others associated 
compounds play a vital role in plant metabolic processes (Tucker 1999). Plants take nitrogen 
mostly in inorganic form such as NO3- and NH4+ via roots  through the soil solution (Lasa et al. 
2002; Wickert et al. 2007; Oh et al. 2008) which then go through several complicated processes 
of assimilation, transformation and mobilization within plants (Oh et al. 2008).  
 Plants need nitrogen in great quantities so its proper management according to plant 
requirement is very necessary. Both excessive and low doses of nitrogen in the areas of intensive 
agricultural system have significant effects on crop yield. Generally the low concentration of 
nitrogen creates nutritional disorder that ultimately has negative effects on crop production. The 
soil deficient in nitrogen causes a great reduction in yield because one of the major requirements 
to achieve the goal of potential crop yield is soil fertility (Mortvedt, 2003). Lauretti and Pieri 
(1999 and 2001) obtained significant responses of nitrogen fertilization and described that when 
ample water is available, 40-80 kg N ha-1 alone is sufficient but with green manuring this can be 
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more beneficial. One of the most important primary sources of nitrogen fertilizer is urea that is 
quickly accessible for the growth and development of many organisms, particularly bacteria, 
fungi and plants being available in all over the world wide. With the increasing demand of 
nitrogen fertilizers for crops, as urea is the primary source of nitrogen plays a major role in 
catabolism and N remobilization from source tissues (Witte 2011). The two well recognized 
types of non-degrading enzymes are urease (or urea amidohydrolase) and urea amidolase 
considered essential for urea assimilation after absorption in plants and hydrolyze urea in the 
cytosol to CO2 and NH3 (Wang et al. 2008). 
 Fertilizer management is considered an important aspect regarding crop production due 
to its increasing prices particularly nitrogen fertilizer. Production inputs have great effects on 
crop yield so producer must know to select efficient input combination. For reducing inputs costs 
fertilizer management is necessary. It should be applied at appropriate level because of 
increasing economic and environmental concerns (Peker and Ozer, 2005). It has been evident 
that NO3-N leaching is a serious problem when nitrogen is used in organic and inorganic form 
(Moreno et al., 1996). The affirmative supply of nitrogen via roots has been clearly illuminated 
in relation to plant growth and its corresponding physiological process (Saneoka et al., 2004; Li, 
2007; Zhang & Li, 2007; Zhang et al., 2009a). However it has been well studied that nitrogen 
uptake efficiency remained constrained as applied through roots as compared to foliar 
application under drought as it accomplish negative effects on nutrients availability (Römheld & 
El-Fouly, 1999; Mosali, et al., 2006),  particularly during early growth stages of crop plant 
(Mallarino et al., 2001). Thus under drought stress conditions foliar application of nitrogen may 
be more proficient to minimized drought stressed injuries (Hu et al., 2008).  
 It has been demonstrated that foliar application of urea gave better results in minimizing 
drought stress in drought sensitive cultivars of maize as compared to tolerant once. However 
different nitrogen forms showed different responses regarding drought stress. More negative 
effects in water relations and plant growth parameters were observed due to excessive NO3- or 
NH4+ supply under water stress, however foliar application of nitrogen in urea form  gave 
valuable results in eliminating the adverse effects of drought (Li, 2007; Amanullaha et al., 2009). 
A survey was conducted in China to evaluate groundwater quality that indicated that the area of 
intensively growing crops particularly where vegetables are grown as primary crops have higher 
rates of nitrate levels as compared to areas where grain crops are grown as primary crops and 
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high rates of water and nitrogen are applied (Ju and Zhang, 2003). Proper management of 
nitrogenous fertilizer is necessary to reduce the problem of soil degradation and ground and 
surface water contamination. So in this regards fertilizer application particularly nitrogen as a 
foliar spray is considered best to increase nitrogen use efficiency. 
Nitrogen is commonly a limiting factor in sunflower production. Sunflower demand for 
nitrogen has been influenced by many environmental and production factors therefore proper 
management of nitrogen fertilizer is very important. Plants subjected to nitrogen deficiency may 
reduce vegetative and reproductive growth and also show premature senescence and ultimately 
yield may be affected (Tomar et al., 1999). However, high availability of nitrogen may disturb 
the balance between vegetative and generative growth as it may enhance vegetative growth and 
delay crop maturity and has significant effects on seed yield (Hocking et al., 1987). Over 
application of nitrogen also increases the risk of diseases and lodging, with a consequent reduc-
tion in oil contents, and may aggravate ground- and surface-water pollution. Carbohydrates 
utilizations are closely related to nitrogen supply. When environment is favorable for plant 
growth and supply of nitrogen is enough, proteins are formed from manufactured carbohydrates 
and in the vegetative portion less carbohydrates are deposited as more protoplasm is formed but 
when plants are deficient in nitrogen more carbohydrates are deposited in vegetative parts due to 
which they become thick (Tisdale et al., 2003). It has been proved that a dose of nitrogen is 
closely related to high photosynthetic activity, energetic growth and dark green color of leaves.  
Nitrogen application has significant effects on leaf relative water contents as it is revealed 
that leaf relative moisture contents increase with more nitrogen consumption. Leaf relative water 
contents decreases in compacted plants due to vigorous effects of water deficit. Under this 
situation more competition exists between aerial and underground parts for utilizing resources 
more efficiently and less development of root system. Under stress condition this phenomenon 
causes excess damage to plants (Nautiyal et al., 2002). Plant response to nutrients uptake is 
strictly associated to moisture status in the soil. However, plants ability to nutrients uptake under 
water stress significantly differs within species (Samarah et al., 2004). Absorption and utilization 
of nutrients by plants is not only prerequisites for enhancing plant growth and development but 
also have an important role in alleviating different kinds of abiotic stresses like drought stress. 
Different strategies have been adopted by plants to overcome the problems of these 
environmental stresses to ensure its survival and productivity (Marschner, 1995). 
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 Drought stress significantly reduced plant tissues water levels and consequently has great 
influence on leaf water potential, leaf elongation, leaf photosynthesis, protein synthesis, N 
metabolism, and cell membrane properties which lead to a reduction in plant productivity 
(Kaiser, 1987; Liljenberg, 1992; Lecoeur et al., 1996; Bogoslavsky and Neumann, 1998; 
Shangguan et al., 2000).  It has been demonstrated by many scientists in past that nitrogen 
application under drought increases drought tolerance ability of plants (Halvorson and Reule, 
1994; Fife and Nambiar, 1997; Van Schaik et al., 1997) but the process of drought tolerance in 
physiological mechanism is still not well understand. A lot of variations in physiological and 
morphological processes have been examined under nitrogen and water stress conditions 
(McDonald and Davies, 1996). However, a close relationship has been observed between leaf 
nitrogen and photosynthetic capacity of leaves and found that about 75% leaf nitrogen present in 
chloroplast is directly involved in the synthesis of photosynthetic apparatus components (Sage 
and Pearcy, 1987).  
 Under nitrogen and water deficient conditions photosynthetic capacity or stomatal control 
can be improved by increasing the availability of nitrogen. But out of the expectation, N 
limitations per se affect stomatal behavior in different ways: both increase (Livingston et al. 
1999) and decrease (Lima et al. 1999) in stomatal conductance (gs) have been observed. Radin 
and Ackerson (1981) indicated that cotton plants deficient in nitrogen shows more stomatal 
sensitivity to drought and they recommended that a lot of abscisic acid is accumulated in plants 
that are deficient in nitrogen and rapidly become prone to water stress. On the other hand, 
Morgan (1984, 1986) suggested that wheat plants fertilized with nitrogen take action quickly to 
increasing water stress by closing stomata and lowering net photosynthetic rate. There will be no 
any alteration was observed by Chen et al. (2005) in Gas exchange characteristics such as net 
photosynthetic rate (Pn), transpiration rate (gs), and intercellular CO2 concentration (Ci) in two 
grass species fertilized with different levels of nitrogen under drought. This contradictory in 
results may involve many factors such as species characteristics, environmental effects, nitrogen 
supply and water stress levels.  
 Net CO2 assimilation rate can be increased with supplementary foliar application of 
nitrogen when nitrogen concentration is low in leaf (Evans, 1989; Syvertsen, 1987). Urea can be 
applied directly to plant leaves by foliar application that is a successful alternative method of 
fertilizer application contributing to alleviate the problem of groundwater contamination and soil 
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salinity (Embleton et al., 1986). Direct application of urea (N) at high concentration cause a 
problem of young leaf burn (Lea-Cox and Syvertsen, 1995). Cechin and de Fátima Fumis (2004) 
studied the Influence of nitrogen fertilizer on growth and photosynthesis of sunflower. They 
demonstrated an experiment in green house in which two different doses of nitrogen was applied 
as ammonium nitrate. The influence of nitrogen was observed 29 days after sowing (DAS) that 
results an increase in dry matter production per plant under high nitrogen concentration but 
specific leaf weight (SLW) remained unchanged. They also observed an increase in transpiration 
rate (E) and photosynthetic CO2 assimilation rate in plants grown under high nitrogen 
concentration, as compared to low nitrogen grown plants. 
 Nitrogen (N) being an essential macronutrient is not only needed for plant growth and 
development but also an important component of structural, genetic and metabolic compounds in 
plants (Hassan et al., 2005) and all the nutrients absorbed by plants more than 80% contribution 
is nitrogen (Marschner,1995). Plants absorb nitrogen in organic and inorganic form. In organic 
(urea as foliar spray) and in inorganic (NH4 and NO3) form. Uptake of nitrogen by plants under 
water stress improves plant growth and development. Accumulation of soluble sugars 
particularly starch and carbon partitioning is accomplished by nitrogen uptake by plants that 
ultimately improve leaf growth (Rufty et al., 1988). Effects of foliar nitrogen application were 
examined on plant growth, water status and N metabolism on two maize (Zea mays L.) cultivars 
'Shaandan 9' (S9) and 'Shaandan 911' (S911) under short term moderate stress. A significant 
decreased in relative water content (RWC), dry matter (DM) and nitrate reductase activity were 
observed but free proline (FP) and concentration of soluble proteins (SP) were increased on 10th 
day of SMWS in leaves of both cultivars. DM, RWC, NRA, and concentrations of all solutes 
increased by foliar application of nitrogen under SMWS above control. However S911 
performed better under SMWS than S9. Hence these conclusions suggested that foliar nitrogen 
application have positive effects on drought sensitive cultivars under drought Zhang et al (2009). 
 Leaf photosynthetic pigments such as (chlorophyll contents, carotenoids) are significantly 
affected by both biotic and abiotic environmental stress factors (Bacci et al. 1998). Measurement 
of leaf photosynthetic pigments is an important indicator of senescence   because breakdown of 
leaf chlorophyll is associated with environmental stress (Brown et al. 1991). A significant 
reduction in the chlorophyll a, the chlorophyll b and the total chlorophyll content in sunflower 
plants was observed under drought stress as described by Manivannan et al. (2007). An increase 
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in chlorophyllase activity and changes in the lipid protein ratio of pigment-protein complexes 
causes decreased in chlorophyll contents of plants at low availability of water as reported by 
Parida et al. (2007). There is a close relationship between leaf nitrogen contents and leaf 
chlorophyll contents which makes sense because the majority of leaf nitrogen is contained in 
chlorophyll molecules. Leaf nitrogen contents have significant effects on chlorophyll contents in 
wheat as photosynthetic machinery accounts for more than half of the N in a leaf (Evans, 1989). 
It is well understand that nitrogen application increases chlorophyll contents and its deficiency 
low down the leaf chlorophyll contents (Peng et al., 1996). Application of urea as demonstrated 
by R. Mitra and S.E. Pawar, (1988) retard leaf senescence as judged by the retention of 
chlorophyll and leaf nitrogen. It has been evident by (Molinari et al, 2007; Van den Berg and 
Perkins, 2004) that a decrease in total chlorophyll contents also slow down the process of 
photosynthetic capacity and ultimately lead to reduction in biomass production in plants that 
point out the direct relationship of plant photosynthetic capacity to total chlorophyll contents.  
 It is well known that a multitude physiological, molecular and biochemical changes takes 
place due to drought stress that have negative effects on plant growth and development (Boutraa, 
2010). Drought stress affects the uptake of vital nutrients and photosynthetic capacity of plants 
(Kandil et al. 2001) with this it causes too much accumulation of intermediate compounds such 
as reactive oxygen species (ROS) (Yazdanpanah et al. 2011) that causes oxidative damage to 
proteins, lipids and DNA and ultimately reduced the plant growth. An increase in abscisic acid 
levels may also be observed under drought in plants roots and transported to shoots where it acts 
as antagonist to cytokinin and auxine that promote plant growth and cell division (Abdalla, 2011) 
and also cause reduction in DNA synthesis. With the increase in reactive oxygen species (ROS) 
chain reactions start, in which Superoxide Dismutase (SOD) and catalyzes the dismutation of O -2 
radicals to molecular O2 and H2O2. The H2O2 is then detoxified in the ascorbate-glutathione 
cycle (Ouchi et al., 1990). It has been also reported by Bailly et al. (2000) that under drought 
stress concentration of Catalase (CAT), Superoxide Dismutase (SOD) and and glutathione 
reductase (GR) increases particularly in sunflower seed. CAT is considered one of the most 
important antioxidant enzymes to prevent damages from reactive oxygen species (ROS) (Shen et 
al., 1990). Catalase, which is present in peroxisome, dismutates H2O2 into water and molecular 
O2 whereas peroxidase decomposes H2O2 by oxidation of substrate such as phenolic compounds 
and/or antioxidants (Pan et al., 2006).  
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 Nitrogen being a key element for plant growth proved beneficial in enhancing drought 
tolerance in plants and increased their yields to a large extent (Zaman and Das 1991, Van Schaik 
et al. 1997, Boutraa and Sanders 2001, Xu et al. 2005). Under water stress nitrogen plays an 
important role in antioxidant defense enzymes and lipid peroxidation metabolism (Sun et al. 
2001, Zhang and Liu 2001, Saneoka et al. 2004). An experiment was conducted in which the 
effects of different nitrogen sources (NaNO3/ (NH4)2SO4) under salinity stress (100 mM NaCl) 
was examined on the activity of different antioxidant enzymes (glutathione reductase, GR; 
superoxide dismutase, SOD; guaiacol peroxidase, POD; and catalase, CAT) and glutathione-S-
transferase (GST) in sunflower and maize crops. After two weeks of treatments applications 
leaves and roots were collected. Roots of maize were cut into segments and the cortex and stele 
were also separated. Salinity stress caused a significant reduction in plant biomass and that was 
lower in ammonium-fed plants as compared to nitrate- plants. Salinity stress also exhibits 
antioxidant enzymes activities. However different nitrogen sources caused different changes in 
antioxidant enzymes activities in both maize and sunflower species and a higher GR activity was 
observed in both species, highest GST activity in maize. A reduction in SOD and POD activity 
was noted in both sunflower and maize seedling and GR activity was also lower in maize roots. 
However in mature sections of roots SOD and POD was higher. The antioxidant enzymes 
activities were higher in the cortex than in the stele of the nodal roots (Krisztina et al, 2002). 
Consequently, a minute information is available in the literature about the response of different 
crops regarding stress imposed at different growth stages and their relation about production and 
anti- oxidative metabolism as well as the interactive effects of nitrogen, water and genotypes on 
different physiological traits of crops (Gupta et al. 2001; Sairam and Srivastava 2001; Sadeghian 
and Yavari 2004 and Hamidou et al. 2007). 
 Water deficit has significant effects on several aspects of metabolism such as reduction in 
protein synthesis and changes in amino acid metabolism (Barnett and Naylor 1966). This 
reduction in protein synthesis and hydrolysis of existing proteins are associated due to changes in 
amino acids concentrations in the tissues (Barnett and Naylor 1966; Routley 1966; Saurier et at. 
1968). Under water stress almost an increase in nitrogenous compounds were observed but some 
time amino acids concentration decreased during water stress (Chen et at. 1964). Accumulation 
of free proline under drought has also been reported frequently and its concentration ranges as 
high as 1200 µg/ g dry weight in the leaf tissues (Barnett and Naylor 1966). It has been 
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demonstrated by (Andersen et al. 1996; Champolivier and Merrien 1996; Norouzi et al. 2008) 
that under inadequate availability of nitrogen drought have more negative effects on all yield 
components in oilseed rape. Drought tolerance ability of oilseed rape largely depends on nitrogen 
availability to minimize the loss in productivity. Nitrogen metabolism in leaves particularly 
reduced drought effects that causes go down in protein and lipids contents (Ilami and Contour-
Ansel 1997; Benhassaine-Kesri et al. 2002) and go up in amino acid contents (Good and 
Zaplachinski 1994). 
Drought being an unfavorable environmental condition not only has significant effects on 
oil contents of seeds but also changes seed composition and other related qualities (Anwar et al., 
2006). Pasban Eslam et al. (2010) demonstrated that drought stress has no significant effects on 
oil contents of safflower seeds but different water regimes have significant effects on oil contents 
and an increment in oil contents was observed by increasing water as reported by Ali et al. 
(2009).  It has been evident that plant ability to endure stress varies according to plant growth 
stages Nam et al. (2001). Under water stress condition plants photosynthetic capacity and 
remobilization of assimilates may be reduced and adversely effects on oil percentage as reported 
by Zahedi et al. (2009). Nitrogen fertilization has great effects on oil composition of sunflower. 
Steer and Seller (1990) found that the concentration of palmitic acids and linoleic acids has been 
increased by the application of nitrogen fertilizer before the onset of floret initiation but the 
concentration of stearic and oleic acids decreased. On the other hand it has been also found by 
Bahl et al. (1997) that when additional nitrogen has been applied then there will be reduction in 
oil contents but the ratio of oleic acid and linoleic acid will be increased.  
 Nitrogen nutrition also have great effects on fatty acid composition of seed oil in different 
crops either it it is under genetic control Holmes and Bennett, (1979). In spite of this building of 
protein structure is also an important function of nitrogen Frink et al., (1999). On the other hand 
a beneficial change in the composition of fatty acid is also due to nitrogen nutrition that caused 
an increase in linoleic and oleic acid contents (Seo et al., 1986). However unsaturated fatty acids 
increases and  saturated fatty acids percentage in the seed oil decreases as the result of nitrogen 
application Kheir et al., (1991). It has been demonstrated by Abbaszadeh et al., (2006) that 
supplementary foliar application of nitrogen increased essential oil contents of summer savory 
because the leaf area and lateral stem development is due to nitrogen application that caused an 
increase in oil yield contents.  
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 Worley (1990) indicated that nitrogen fertilizer application at the time when leaf drop 
nitrogen below a threshold level is more beneficial. Under drought stress availability of nutrients 
to plants become least that has significant effects on yield components of sunflower. Nezami et 
al. (2008) described that plant height, plant dry matter, stem diameter, head size, seed number 
head-1, weight of 1000 grains and grain weight head-1 under dry and semi-dried conditions 
declined. Human et al. (1998) concluded that shortage of water at flowering, fertilization and 
grain filling stages in sunflower caused a significant the reduction in grain yield. However Fathi 
et al. (1997) demonstrated that with increasing nitrogen application grain yield, number of grains 
head-1, plant height and weight of 1000 grains can be increased. Kasem and El-Mesilhy (1992) 
pointed out that head diameter, 100-seed weight, seed yield per head, seed yield plant-1, and seed, 
straw and biological yields in sunflower were increased by the N application. Harvest index and 
seed oil percentage in sunflower were decreased by the over application of nitrogen. The 
application of 175 kg N ha-1 encouraged growth and gave the highest seed and oil yields, but 
seed oil percentage was decreased with increasing N application rate. Nitrogen fertilizer up to 
150 kg ha-1 increased the grain yield and biological yield, whereas higher levels of N fertilizer 
decreased both yields.  
 Wheat response to foliar application of nitrogen, potassium and zinc was determined in 
an experiment conducted at Agricultural Research Farm of Khyber Pakhtunkhwa Agricultural 
University, Peshawar during 2002-2003. Foliar application of nitrogen, potassium and zinc 
significantly affected yield and yield components of wheat. Foliar spray of 0.5% N + 0.5% K + 
0.5% Zn solution (once), produced maximum biological yield (8999 kg ha
-1
),, number of grains 
per spike (52) and straw yield (6074 kg ha
-1
) however minimum biological yield (5447 kg ha
-1
), 
number of grains (29) per spike and straw yield (3997 kg ha
-1
) were obtained in control (no 
spray) plots. Foliar spray of 0.5% N + 0.5% K + 0.5% Zn solution (twice), also produced 
maximum 1000- grain weight (46 g) and grain yield (2950 kg ha
-1
) as compared to control (no 
spray) followed by lowest values (36 g) and (1450 kg ha
-1
) respectively. It has been concluded 
that foliar application of nitrogen, potassium and zinc either once or twice enhanced yield and 
yield components in wheat crop in irrigated areas Hasina et al., (2011).  
A pot experiment was conducted to determine the response of foliar nitrogen (0.0 g, 1.0 
g, 2.0 g) on nitrate reductase activity (NRA) and grain yield of barley cultivar Kompakt) under 
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different water stress regimes. Water stress was imposed at tillering, shooting and earing stages. 
Nitrate reductase activity was higher under optimal water regime in all fertilized and unfertilized 
plants as compared to stressed plants. Grain yield was increased 3.73 times by 1g nitrogen foliar 
application when stress was imposed at tillering stage as compared to unfertilized and stress 
treatment. Water stress at shooting and earing stages decreased grain yield 50% as compared to 
optimal water regime. Stress at shooting stage increased grain yield 29% and stress at earing 
stage 55% as compared to stress and unfertilized treatment Krcek et al. (2004).     
 Oyinlola et al. (2010) used six nitrogen rates (0, 30, 60, 90, 120 and 150 kg N ha-1) in a 
two year field experiment to demonstrate its influence on growth and yield parameters of 
sunflower. Ten weeks after planting (WAP) plant height and numbers of leaves were highly 
significant. At (120 kg N ha-1) highest plant heights of 120 cm 138 cm were observed, Seed and 
oil yields also increased significantly but there was a reduction in these two parameters at 150 kg 
N ha-1. Several studies also have revealed that a high dose of nitrogen and more photosynthates 
availability in plants will increase protein contents and causing the cell wall to become thicker 
due to which protoplasm will absorb more water resulting in an enhancement in leaf relative 
moisture contents (Saneoka et al., 2004).  
 Urea is the major N form in agriculture in arid and semiarid regions. When urea is 
applied to a soil, it is hydrolyzed to ammonium carbonate. In carbonate-bearing soil, the acid 
produced by nitrification of ammonium carbonate gives rise to an increase in concentration of 
Ca2+ and Mg2+ in the soil solution, which could exchange with other cations, including K+ 
Therefore, application of urea to agricultural soils leads to increase K+ leaching (Kolahchi and 
Jalali 2007). Soil application of nitrogen under drought cannot improve low nitrogen levels in 
musts however foliar application is best solution to enhance nitrogen contents of berries of water 
stressed vines as it is independent of soil water status. Foliar application of nitrogen is not only 
effective in overcoming nitrogen deficiency in plants but also a rapid assimilation of nitrogen can 
also take place by plants (Delas, 2000). Therefore to reduce temporary deficiencies in vineyard 
foliar fertilization is preferred. Foliar fertilization quickly overcomes the deficiency but soil 
application provides a durable supply of nutrients. Therefore foliar application should be used as 
a supplement to an appropriate seasonal soli fertilizer programme (Christensen, 2005).  
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Potassium role under drought 
Potassium (K) is third macronutrient needed for plant growth and development after 
nitrogen (N) and phosphorous (P). Several potassium fertilizer application methods such as 
banding, fertigation and spraying liquid fertilizer on leaves and different sources of potash such 
as potassium chloride, potassium sulphate and potassium nitrate can be used Magen., (2004) 
However there are many advantages of using foliar fertilizer under this technique smaller amount 
of fertilizer is used (foliar fertilizer consists on supplying small amount of nutrients directed to 
leaves) low cost, easy application, good quality fertilizer used and readily soluble in water Buck 
et al. (2008). 
 Potassium has a critical role to ensure plant survival under different environmental stress 
conditions. Many physiological processes are carried out in the existence of ideal concentration 
of potassium such as photosynthesis, movement of photosynthates from source to sink, enzymes 
activation, maintenance of turgescence and reduction in excess uptake of Na and Fe ions in 
saline and flooded soils (Marschner, 1995; Engel and Kirkby, 2001). Plants are able to overcome 
the adverse effects of drought by foliar application of potassium as it improves water contents in 
broad bean leaves (Thalooth et al., 1990). Foliar application of potassium not only increases the 
tolerance of plants to drought stress but also helpful in maintaining the osmotic potential and 
water uptake and has a positive effect on stomatal closure. Moreover a large variety of enzymes 
which are concerned in photosynthesis, water use efficiency, nitrogen uptake and protein 
building are also activated by foliar application of potassium Nguyen et al., (2002).  
 Leaf water potential, osmotic potential and moisture status are maintained at low and 
higher level in plants treated with appropriate potassium under drought. Osmotic regulation is 
maintained by potassium application being a prominent ion in mostly tropical grasses, corn and 
soybean under drought (Al-Moshileh et al., 2004). Higher leaf water potential, relative water 
contents turgor potential and lower osmotic potential can be maintained in potassium fed plant as 
compared to untreated plants of vigna radiata (Nandwal., 1998). Potassium helps to maintain 
osmotic potential and water uptake in plants and cause the stomatal closure that increases the 
plants ability to tolerate stress conditions as described by Nguyen et al., (2002). Potassium being 
an essential macronutrient to enhance plant growth and productivity is also an important primary 
osmoticum that helps plants to maintain low water potential in plant tissues. Therefore an 
abundant amount of potassium is accumulated in plant tissues grow under water stress to have a 
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critical role in water uptake along with soil-plant gradients. Under water deficit conditions K is 
accumulated while under saline conditions Na is accumulated (Glenn et al., 1996). It is 
suggested by several workers that potassium have great influence on tolerance of water stress 
and strongly involved in the water economy of plant. An adequate availability of potassium 
makes plants efficient utilize of water than potassium deficient plants. Plants with high 
concentration of potassium required less amount of water to produce better yield than potassium 
deficient plants (Mengel and Forster, 1973). 
 K+ nutrient status has significant effects on stomatal closure in sunflower plants under 
water stress. Stomatal conductance reduced markedly in plants subjected to water stress with 
adequate K+ supply than in K+-starved plants. Potassium deficiency increases ethylene 
production in leaves and shoots of plants. Addition of 5 μM cobalt (ethylene synthesis inhibitors) 
has significant effects on stomatal conductance of plants that depends on potassium nutritional 
status under water stress. Potassium deficient plants show reduction in stomatal conductance as 
compared to normal K+ plants. These outcomes revealed that ethylene play an important role in 
hindering the effect of K+ starvation on stomatal closure (Javier Romera and Somina Cristescu., 
2010). During stomatal movement turgor changes in guard cells takes place due to K+ ion 
concentration in most plant species. Uptake of water from the adjacent cells increases due to an 
increase in potassium concentration which increases turgor in guard cells causes the stomata to 
opening. Plants deficient in potassium show symptoms of wilting and loss of turgor under 
inadequate availability of soil water. Potassium deficient plants are lower tolerance of drought is 
mainly related to (a) the role of K+ in stomatal regulation, which is a major mechanism 
controlling the water regime of higher plants, and (b) the role of K+ as the predominant osmotic 
solute in the vacuole, maintaining a high tissue water level even under drought condition Osman 
et al., (2004). 
 Potassium (K) enhances the photosynthetic rates in plants leaves, CO2 assimilation rate 
and facilitating carbon movement as reported by Sangakkara et al. (2000). Potassium is 
considered an essential element in cotton crop especially at the stage of bud formation. 
Potassium plays an important role in metabolism of carbohydrates, its translocation from leaves 
to other developing vegetative organs at the stages of fruit formation and maturation. Foliar 
application of potassium not only improves the growth and yield components of plants but also 
have role in improving many physiological growth processes. It also delays the process of leaf 
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senescence and increase photosynthetic activity in plants (Abou El-Defan et al., 1999 and El-
Sabbagh et al., 2002). Many enzymes are activated by foliar application of potassium essential 
for photosynthesis and water use efficiency and helpful in nitrogen uptake and protein building. 
K+ starvation in sunflower plants prevent water-stress-induced stomatal closure. Stomata 
remained open longer in plants deficient in potassium as compared to plants with adequate 
supply of potassium and this increases transpiration rate (Arquero et al., 2006; Benlloch-
González et al., 2008). An enhancement in photosynthetic rates in plants leaves, CO2 
assimilation rate and facilitating carbon movement as reported by Sangakkara et al. (2000) has 
also been shown by potassium application. Photosynthetic rate, plant growth and development, 
yield and drought resistance can be enhanced under water stress conditions in different crops by 
increasing potassium application (Egilla et al., 2001). 
 Nitrogen (N), potassium (K) and sodium (Na) concentration as well as chlorophyll 
contents in leaves are greatly affected by soil moisture status and potassium fertilization. 
Optimum concentration of potassium has increased chlorophyll contents in sorghum leaves 
under drought which is in accordance in many crop species Ashraf et al. (1994). In banana 
(Musa acuminata) and sugar cane (Saccharum officinarum) leaves late foliar application 
increases chlorophyll contents as reported by (Yadov 2006). In the absence of ample availability 
of water crop fail to take full advantage from increasing soil potassium levels. K deficiency 
symptoms appear in crops during dry period even adequate amount of potassium is present in 
soil (Fernández and Hoeft 2009). Photosynthetic pigments (chlorophyll a, b and carotenoids) 
increases with increasing irrigation intervals. Application of water after every six days with foliar 
application of potassium is very effective in synthesis and accumulation of these photosynthetic 
pigments in plants leaves (Soad, 2005). Adequate supply of water and potassium increased 
chlorophyll contents significantly. Plants can be protected from drought with optimum soil 
potassium levels and these finding reveals that adequate K nutrition can improve drought 
resistance of sorghum Mohammad et al., (2011).  Tea has a high requirement for potassium and 
a positive response has been observed during all growth stages. Potassium is also effective in 
imparting drought tolerance to plants. A high concentration of potassium removed from field 
during harvesting. To maintain the productivity of coffee an adequate potassium concentration 
should be reserve in soil Hariyappa et al., (2009). 
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 Water stress has significant effects on soluble sugar, non-soluble sugar and total sugar. 
With increasing irrigation intervals these are gradually decreased (Azza and Sahar 2006). 
However their concentration increases by foliar application of potassium under drought (Lauchli 
and Pfluger). It is due to the fact that the enzymes pyruvate kinase and phosphfructokinase 
required large amount of potassium to make changes in sugar contents. Proline accumulation is 
the result of abiotic stress. It is noted that a high contents of proline was observed in mungbean 
plants by skipping irrigation at pod formation stage as compared to unstressed plants (Maiti et 
al., 2000). Foliar application of potassium also increases proline contents in plants. Potassium 
foliar application in mungbean plants increases proline contents (261 μg fresh weight) when 
stressed was imposed at pod formation stage whereas the lowest value (173 μg gG1 fresh weight) 
was noted in mungbean plants by foliar application of magnesium that were irrigated regularly 
(Basole et al., 2003). Leaf potassium concentration increases in groundnut plants which have 
ability to accumulate more potassium when 1% KCl is applied in foliar form. Foliar fertilization 
of KCl is more efficient in cotton crops as compared to potassium sulphate (Change and 
Oosterhuis, 1995). 
 Foliar application of potassium can increase grain yield under water deficit as reported by 
Damon and Rengel, (2007). K foliar application at flowering stage is more effective than other 
stages under water deficit that contribute 14.82% increase in spike length and 25% increase in 
number of grains per spike. At grain filling stage foliar application of potassium can minimize 
the negative effects of drought on number of spikelets per spike, 1000-grain weight and grain 
yield. This increase in number of grain per ear is due to exogenous application of potassium Liu 
et al., (2005). Potassium application and irrigation regimes have significant effect on grain yield. 
Grain yield decreased under drought however potassium application increases grain yield. Plants 
treated with appropriate concentration of potassium under full irrigation give highest grain yield 
however least damage occurs in grain yield of sunflower crop with same fertilizer treatment 
under drought (Afkari BajehbaJ et al., 2009). 
 One of contributing factor in the yield of a plant is seed number. Seed number per head 
depends upon potential number of flower which in turn is influenced by plant growth period. 
Potassium has a significant effects on seed number which ultimately decreased by increasing 
drought and decreasing potassium levels (Razi and Asad., 1998). Crop quality can be improved 
by potassium application as it is helpful in stomatal regulation, activation of enzymes, make 
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roots stronger during vegetative growth and maintain water in plant tissues during the water 
deficit conditions by the absorption of water each time to improve the osmotic potential and 
expend the cell pressure and length (Aziz et al., 1999). Root penetration can be significantly 
increased under drought by potassium application. Application of potassium at the rate of 200 kg 
ha-1 enhances healthy plant growth by deeper root penetration into soil under drought. Therefore 
in maize potassium is an important osmolyte to tolerate stress conditions at critical reproductive 
stage and increased grain yield (Valadabadi and Farahani, 2010). 
 A field experiment was demonstrated on chickpea for the management of drought which 
is mainly non-irrigated crop. Osmotic adjustment is a technique that increases drought tolerance 
in plants. In this experiment different chemicals effective in ameliorate water stress and 
compensate yield reduction under unirrigated conditions were used. Two varieties of chickpea 
(GG-2 and Dahod Yellow) were evaluated with four chemicals Glycinebetaine (10 ppm and 20 
ppm), putrescine 16.11 ppm (10 μM), 32.22 ppm (20 μM), PMA (10 and 20 ppm) and KNO3 
(100 and 200 ppm) along with water spray besides unirrigated and irrigated control. These 
chemicals were foliar applied on the foliage at 40 and 60 days after sowing (DAS). Significant 
effects were observed with these chemicals however a considerable increase in plant height, 
biomass, dry weight of plant, 100- seed weight and grain yield were noticed with foliar 
application of KNO3 (200 ppm) under unirrigated conditions. Other chemicals were not as 
effective as KNO3 in mitigating the adverse effects of drought. A significant increase in dry 
weight and test weight was observed with glycinebetaine but its contribution in yield of chickpea 
was very low under unirrigated conditions Kairti et al., (2007). 
 Effect of potassium as basal and supplementary foliar application was evaluated 
in two varieties of groundnut GAGU-1 and GAGU-10 on yield, nutrients concentration in tissue 
and quality parameters during the kharif (rain fed) and rabbi (irrigated) seasons. Two different 
concentrations (0.5 and1%) of potassium chloride and potassium sulphate were used as foliar 
spray with basal KCl (0 and 50 kg KO2 ha-1). A significant difference was observed in pod yield 
by foliar applied and soil applied potassium with respect to control treatment. Higher pod yield 
was obtained with combined basal and foliar applied potassium. 1% foliar applied KCl gave best 
results with basal 50 kg KO2 ha-1 under rain fed conditions. GAGU-10 performed better and 
foliar potassium increased K concentration in plant tissue but did not cause leaf burn. Crop 
harvest index, grain quality parameters, protein and oil contents were significantly improved by 
45 
 
foliar K application however response of foliar application of K2SO4 was more resistant with 
respect to quality parameters of protein and oil contents of Shahid et al., (1999).  
The purpose of obtaining potential yield under water stress conditions can be achieved by 
supplementary foliar fertilization of nutrients because it can provide a balance and guaranteed 
accessibility of nutrients to the crops (Arif et al., 2006). There is a considerable change in 
concentration of protein in seed of sunflower grown during autumn season with potassium 
application as compared to the crop grown during spring season but remarkable change has been 
observed in oil seed concentration when fertilized with potassium in both seasons (Ahmad et al., 
2001). Concentration of oil in seed is significantly affected by potassium application. Higher 
rates of potassium application results in greater oil concentration and lower rates of potassium 
application will results in lower oil concentration (Abbadi et al., 2008). Foliar application of 
potassium also improves quality parameters like protein and oil contents of seeds. However this 
response was enhanced with potassium sulphate that increases oil and protein contents in seeds 
to a great extent. Quality of groundnut and soybean has also been improved by potassium 
application (Magen, 1997).  
Soil application along with supplementary foliar application showed better results in 
cotton crop as compared to alone soil applied or foliar applied (Abaye, 1996). Crude protein 
contents are also increases as plants are subjected to water stress at different growth stages. In 
mungbean plants water stress at pod formation stage increases percentage of crude protein as 
compared to other treatments as observed by Kasab et al., (2005). Grain protein contents 
increases when stress was imposed at grain filling stage (Zhao et al., 2004). Plants under water 
stress required larger quantity of potassium as suggested by Cakmak and Engels, (1999). 
Potassium application significantly increased oil contents and decreased protein contents in 
sunflower when applied at the rate of 300 Kg/ ha-1 (Ahmad et al., 1999). Seed protein 
concentration of sunflower was significantly effected in autumn season crop with potassium 
application as compared to spring season crop but seed oil concentration was significantly 
effected in both seasons with potassium application (Ahmad et al., 2001). 
Pettigrew (1999) demonstrated that plants deficient in potassium as observed in cotton 
plants contain the higher concentration of elevated carbohydrates in source tissues such as leaves 
and cannot be transported in reproductive organs that results in yield reduction. Potassium being 
an important osmotic helps to maintain plant turgor under drought and increases their ability to 
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withstand against drought. Plants lose their bolls under unfavourable environmental conditions 
and lacking of potassium. Potassium deficient plants have low boll weight and yield per plant 
because their leaves undergo early abscission and accumulation of carbohydrates takes place in 
main stem leaves as a result top bolls developed incompletely in cotton and ultimately yield 
decreased Gormus, (2002). Boll weight in cotton plants can be increased by the additional supply 
of potassium along with nitrogen Read et al., (2006). A study was carried out to assess the role 
of potassium nutritional status on the drought resistance of grain sorghum. Yield components 
particularly number of panicle per plant and 100- grain weight was reduced under stress as 
compared to irrigated plants. Grain and biological yield increased 28% and 22% respectively by 
potassium sulphate application. An increase in nitrogen contents was observed under drought 
while sodium and potassium decreased. Leaves of unfertilized plants with potassium have lower 
K and N and highest concentration of sodium. Foliar application of nitrogen and potassium has 
positive effects on grain yield. Higher grain yield is obtained when nitrogen and potassium foliar 
spray is done at anthesis and booting stages in wheat. Foliar as well as soil applied nitrogen 
increases grain yield in wheat as reported by Zafer and Muhammad (2007). 
 Foliar application of potassium in plants increases cold endurance, reduce the movement 
of photosynthetic products from leaves to root and also acts to balance the effect of nitrogen. 
Potassium also has positive effect on growth rate of plants El-Taweel., (1999). Potassium 
fertilization is more beneficial for improving the quality and yield of cotton. A balance 
fertilization of NPK has significant effects on the composition of seed due to which the process 
of seed vigour and development of embryo are mainly enhanced (Sharma and Anderson, 2003). 
Under drought stress conditions potassium helps plant roots to withdraw water from deeper 
depth to overcome soil moisture stress, increases translocation of photosynthates and maintains 
water balance within plants (Greenwood and Karpinets, 1997). Plants which are deficient in 
potassium produce small and shrivelled seeds and are more vulnerable to diseases. Appropriate  
dose of potassium can be more beneficial to improve seed quality (Fusheng, 2006). Potassium 
being a commercial fertilizer is used as soil-applied but in many crops such as faba bean it can be 
applied in solution form directly to foliage to control diseases (Eibner, 1988). Foliar application 
of potassium sulphate and ammonium chloride can reduced the leaf disease in many crops and 
also fulfil the nutrients requirements nitrogen and potassium (Fixen, 1993). 
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 The major constraints in global food production in developing countries are insufficient 
and unbalanced distribution of mineral nutrients along with infertility of soil. It is predicted that 
mineral toxicity and deficiencies are major problems that effects plant growth near about 60% 
cultivated soils Cakmak, 2002).  It is estimated by Byrnes and Bumb (1998) that in next twenty 
years to meet the increasing demand for food will also increase the fertilizer consumption near 
about 2- fold.  So it is evident that in near future decade’s plant-nutrition-related research will be 
a high-priority research area contributing to crop production and sustaining soil fertility. It has 
been estimated that due to more consumption of potassium by agricultural crops it is becoming 
the least available nutrient in soil. Therefore it is an indicator that these nutrients particularly 
nitrogen and potassium needs to pay too much attention due to their excessive use in agricultural 
lands (Malakouti, 2004).  
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Chapte r-3       M ATERIALS AND M ETHO DS 
 
 The proposed study was carried out to evaluate the response of foliar-applied nitrogen 
(N) and potassium (K) as urea and sulphate of potash (SOP) in alleviating the adverse effects of 
water stress in sunflower and develop an effective combination between the foliar-applied N and 
K for increased sunflower productivity under water stress conditions. The study was conducted 
during the months of August, 2012 and February, 2013, the sunflower growing seasons in 
Pakistan. 
    
3.1. Experimental site and conditions 
 The proposed study was conducted in the Department of Crop Physiology, University of 
Agriculture, Faisalabad and Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad, 
Pakistan. The research work was carried out in a series of experiments conducted under 
laboratory, greenhouse, lysimeter and field conditions. Laboratory experiments were carried out 
in petri plates and plastic cups using PEG-6000 to induce water stress. All laboratories, green 
house and lysimeter experiments were laid out using completely randomized design (CRD) with 
three replications in factorial arrangement. Field experiments were carried out using RCBD with 
three replications. The weather data in respect of minimum and maximum temperature (0C), 
relative humidity (%) and rainfall (mm) of the experiment site for the years 2012 and 2013 is 
given in the Figure 3.1. Sandy clay soil was used for green house experiments. The soil texture 
was determined with the hygrometer method (Dewis and Freitas, 1970). The physiochemical 
characteristics (Electrical conductivity, pH and ion contents) of the soil used for this study were 
determined according to methods described by Jackson (1962) and are present in Table 3.1.  
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Figure 3.1: Meteorological data for the experimental site in Department of Crop 
Physiology, University of Agriculture, Faisalabad for the growing season 2012. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2: Meteorological data for the experimental site in Department of Crop 
Physiology, University of Agriculture, Faisalabad for the growing season 2013. 
 
 
 
0
10
20
30
40
50
60
70
80
90
0
5
10
15
20
25
30
35
40
45
Jun July Aug Sep Oct Nov Dec
2012
A
v
g
.
 
R
.
H
 
(
%
)
,
 
T
o
t
a
l
 
r
a
i
n
f
a
l
l
 
(
m
m
)
T
e
m
p
e
r
a
t
u
r
e
 (
C
°
)
Max temp Min temp Avg. Temp.
 Total rainfall Avg. R.H.
0
20
40
60
80
100
120
140
0
5
10
15
20
25
30
35
40
45
Jun July Aug Sep Oct Nov Dec
2013
A
v
g
.
 
R
.
H
 
(
%
)
,
 
T
o
t
a
l
 
r
a
i
n
f
a
l
l
 
(
m
m
)
T
e
m
p
e
r
a
t
u
r
e
 (
C
°
)
50 
 
Table 3.1: Physiochemical characteristics of the soil used for Lysimeter experiment 
Soil Characteristics Values Avg. values 
Physical  
Soil texture Clay loam  
Chemical  
Saturation percentage (%) 37.4 37.4 
ECe (dS m-1) 0.72-0.92 0.82 
Soil pHs 7.5-7.8 7.65 
Organic matter (%) 0.4-0.6 0.5 
Ca+Mg (meq L-1) 3.75-5.76 4.75 
CO3 (meq L-1) 0.00 0.00 
HCO3 (meq L-1) 3.5-4.0 3.75 
NO3-N (mg kg-1) 10.7-14.7 12.7 
Available K (mg kg-1) 108-200 154 
Available P (mg kg-1) 8.2-10.8 9.5 
 
51 
 
3.2. Achene materials  
Seven commonly available sunflower hybrids, FH-385, FH-405, FH-106, Hysun-33, 
Hysun-39, Armani and LG-5551 were used for the present study. The achene (seed) of sunflower 
hybrids was acquired from Ayub Agricultural Research Institute (AARI) and Department of 
Plant Breeding and Genetics, University of Agriculture, Faisalabad. 
3.3. Laboratory experiments 
Two experiments under laboratory conditions (25±3 ○C) were conducted in order to 
determine the response of different sunflower hybrids to water stress imposed during 
germination and seedling stage. In first experiment ten seeds of seven sunflower hybrids were 
sown in petri plates containing filter paper and two water stress treatments including control 
(distilled water) and water stress (-0.6 MPa). Water stress was developed by dissolving 10 g 
PEG-6000 in 100 ml distilled water. Seeds were surface sterilized with 10 % Sodium 
hypochlorite solution for five minutes and then washed three times with distilled water. Ten ml 
designated treatment solution was applied in each petri plates and covered with tape for ten days. 
Number of seeds germinated was counted daily and data was recorded for ten days. A seed was 
considered germinated when both plumule and radical had emerged 5 mm. The drought tolerant 
and sensitive varieties was identified using following germination parameters and physiological 
indices as a screening tool.   
i. P.I = nd2 (1.00) +nd4 (0.75) +nd6 (0.5) +nd8 (0.25)       (Sapra et al., 1991) 
Where n is the number of seeds germinated on day d 
 nd2= number of seeds germinated day 2 
 nd4= number of seeds germinated day 4 
 nd6= number of seeds germinated day 6 
 nd8= number of seeds germinated day 8 
      ii.        G.S.I. (%) = [P.I of stressed seeds / P.I control seeds] x100   (Fernandez, 1992) 
      iii          Emergence Index    (AOSA, 1983)   
      iv         Mean emergence time    (Moradi Dezfuli et al., 2008) 
      v          Germination percentage    
         Second experiment was also conducted under laboratory conditions in plastic cups of 500 g 
capacity. The seeds of seven sunflower hybrids (FH-385, FH-405, FH-106, Hysun-33, Hysun-39, 
Armani and LG-5551) were germinated in plastic cups having sand as growth medium. Two sets 
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of plastic pots were taken. One set of pots was watered daily at 100% field capacity while the 
water stress was applied to the other set by withholding water after establishment of the 
seedlings. Plants were harvested on appearance of the stress symptoms and the drought tolerant 
and sensitive varieties were identified using physiological (PHSI, RLSI, DMSI) indices as a 
screening tool. Plant dry weights were recorded after drying in oven at 70 ○C to a constant 
weight. From these measurements the plant height stress tolerance index (PHSI), root length 
stress tolerance index (RLSI) and dry matter stress tolerance index (DMSI) were calculated using 
the following formulae given by Ashraf et al. (2006).          
i. PHSI = (Plant height of stressed plant / Plant height of control plants) x 100          
ii. RLSI = (Root length stressed plant / Root length of control plants) x 100   
iii. DMSI = (Dry matter of stressed plant / Dry matter of control plants) x 100     
    
 From these experiments two hybrids viz. Hysun-33 (best performer ranked as drought 
tolerant) and LG-5551 (the worst performance; drought sensitive) were selected for further 
experimentation. 
 
3.4. Wire house experiments  
This experiment was conducted in green house in which two sunflower hybrids; Hysun-
33 (drought tolerant) and LG-5551 (drought sensitive) identified from the screening experiments 
were used. Experiment was conducted in plastic pots using 1.5 kg soil + sand as growth medium 
under two (100% and 60% field capacities) water levels. The following six treatments of nutrient 
application were used for this experiment in order to select the treatment combination effective 
in improving drought tolerance in sunflower. 
i. Recommendation dose of NPK as soil application 
ii. Recommendation dose of NPK as soil application + water spray 
iii. Recommendation dose of NPK as soil application + 1 % N as foliar application 
iv. Recommendation dose of NPK as soil application + 1 % K as foliar application 
v. Recommendation dose of NPK as soil application + 0.5 % N + 0.5 % K as foliar 
application 
vi. Recommendation dose of NPK as soil application + 1.0 % N + 1.0 % K as foliar 
application 
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The recommended dose (120-60-60 kg ha-1) of NPK applied as Urea (N= 46 %), 
diammonium phosphate (N= 18 %; and P + 46 %) and sulphate of potash (K2O = 50%). The 
experiment was laid out using a completely randomized design (CRD) with three replicates. 
Plants were harvested after four weeks and on the basis of plant DSTI the best nutrient 
combination was selected. 
 
3.5. Lysimeter experiments 
This experiment was conducted in lysimetre at plant Stress Physiology and Biochemistry 
laboratory in Nuclear Institute for Agricultural and Biological (NIAB). The best nutrient  
combination (Recommendation dose of NPK as soil application + 0.5 % N + 0.5 % K as foliar 
application) determined from wire house experiment and the two sunflower hybrids; Hysun-33 
(drought tolerant) and LG-5551 (drought sensitive) selected in laboratory experiments were 
tested for optimum time for N and K foliar application. Two water stress levels i.e., control 
(100% FC) and water stress (60% FC) was used for this experiment. Individual tanks were 
separated by 15 cm thick cemented wall on each side of the tank which acted as buffer zone to 
prevent seepage. Prior to planting, lysimeters were precisely leveled to ensure even distribution 
of water. The amount of irrigation water applied to the lysimeter tanks at regular intervals was 
measured using a water meter. All lysimeters were protected from rain by manually operated 
shelter equipped with movable sheet of transparent flexible plastic. The experiment was laid out 
using a completely randomized design (CRD) with three replicates. Plants were grown up to 
maturity and data on various physiological, biochemical, plant nutrients analyses and yield and 
yield components were recorded following methods described in section 3.8. 
 
 
3.6. Field experiments 
Two experiments in two seasons (Autum-2012 and Spring-2013) were conducted at research 
area of the Department of Crop Physiology, University of Agriculture, Faisalabad in soil with 
known nitrogen and potassium contents using two sunflower hybrids; Hysun-33 (drought 
tolerant) and LG-5551 (drought sensitive) selected in laboratory experiments. The best nutrient  
combination (Recommendation dose of NPK as soil application + 0.5 % N + 0.5 % K as foliar 
application) determined from wire house experiment and optimum time (reproductive stage) for 
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applying this treatment under water stress selected from lysimeter experiment were tested in 
these experiments. Water stress was imposed by withholding irrigation. Plants were harvested at 
maturity to record data on yield and yield components. 
 
3.7. Data Collection  
3.8. Physiological parameters  
3.9. Leaf water potential  
            The third leaf from top (fully expanded youngest leaf) of plants from each                                                 
treatment was used to determine the leaf water potential. The measurements were made from 
8.00 to 10.00 a.m. with Scholander type pressure chamber.  
 
3.10. Leaf osmotic potential  
 The same leaf, as used for water potential, was frozen at -20oC for osmotic potential 
determinations. The frozen leaf material was thawed and cell sap was extracted while crushing 
the leaves with a glass rod and then sap was sucked with a disposable syringe. The sap so 
extracted was directly used for the determination of osmotic potential using an osmometer 
(Wescor 5500).  
 
 
3.11. Turgor potential  
Turgor potential was calculated as the difference between osmotic potential (s) and 
water potential (w) values.  
(p) = (w) - (s) 
3.12. Gas exchange characteristics  
 A fully expanded youngest leaf of each plant (the third leaf from top) was used to 
measure the instantaneous net CO2 assimilation rate (A), transpiration (E ) and stomatal 
conductance (gs ) by using an open system LCA-4 ADC portable infrared gas analyzer 
(Analytical Development Company, Hoddesdon, England). These measurements were taken 
from 9.00 to 11.00 a.m. with the following adjustments: molar flow of air per unit leaf area 403.3 
mmol m-2s-1, atmospheric pressure 99.9 KPa, water vapor pressure into 
chamber ranged from 6.0 to 8.9 m bar, PAR at leaf surface was maximum up to 1711 mol  
55 
 
m-2 s-1, temperature of leaf ranged from 28.4 to 32.4 oC, ambient temperature ranged from 22.4 
to 27.9oC and ambient CO2 concentration was 352 mol mol-1 
3.13. Biochemical parameters  
3.14.   Proline determination  
 The proline was determined according to the Bates et al. (1973) method. Fresh leaf 
material of 0.5 g was ground and dissolved in 10 ml of 3% sulfo-salicylic acid. The sample 
material was filtered by using Whatman No. 2 filter paper. Two ml of the filterate was taken in a 
test tube and reacted with 2 ml acid ninhydrin solution. Acid ninhydrin solution was prepared by 
dissolving 1.25 g ninhydrine in 30 ml of glacial acetic acid and 20 ml of 6 M orthophosphoric 
acid. Two ml of glacial acetic acid was added in the test tube and kept for 1 h at 100 oC. After 
terminating the reaction in an ice bath, the reaction mixture was extracted with 10 ml toluene. 
Continuous air stream was passed vigorously for 1-2 minutes in the reaction mixture. The 
chromophore containing toluene was aspirated from the aqueous phase, warmed at room 
temperature and the absorbance was noted at 520 nm on spectrophotometer. Toluene was used as 
a blank. The proline concentration was calculated by using a standard curve and calculated on 
fresh weight basis as follows:- 
(mole proline g-1 fresh weight = (g proline ml-1 x ml of toluene/115.5)/ (wt of sample/5) 
3.15. Protein analysis  
 Total soluble proteins were determined by Lowry et al. (1951) method. Fresh leaf 
material of (0.5 g) was chopped in 10 ml of 0.2 M phosphate buffer of pH 7.0 and was ground. 
Phosphate buffer (0.2 M) of pH 7.0 was prepared by using 1 M stock solution of NaH2PO4.2H2O 
using Na2HPO4.2H2O one molar solution to maintain pH. The ground leaf material was 
centrifuged at 5000 x g for five min. One ml of the supernatant of each 
treatment was taken in a test tube. One ml of solution C was added to each test tube, prepared by 
mixing solution A and solution B in 50:1 ratio to make alkaline. Solution A was prepared by 
dissolving Na2CO3 (2.0 g), NaOH (0.2 g) and Sodium potassium tartarate (1.0 g) in distilled 
water and made volume up to 100 ml. Solution B was prepared by dissolving CuSO4.5H2O in 
distilled water and made volume up to 100 ml. 
The reagents in the test tube were mixed thoroughly and allowed to settle at room temperature 
for 10 min. Folin-Phenol reagent (1:1 diluted) of 0.5 ml  was added. Folin- 
Phenol reagent was prepared by dissolving 100 g of sodium tungstate and 25 g of sodium 
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molybdate in 700 ml of distilled water. Fifty ml of Orthophosphoric acid (85%) and 100 ml of 
HCl were added and the mixture was refluxed for 10 h. Then lithium sulfate (150 g) along with 
50 ml of distilled water and few drops of Br2 was added. To remove extra Br2 the mixture was 
boiled for 15 min without condenser. The mixture was then cooled and diluted to 1000 ml. 
Mixture sample in the test tube shacked well and incubated for 30 minutes at room temperature. 
For the optical density (OD) spectrophotometer (Hitachi, 220, Japan) was used and recorded at 
620 nm. The blank contained one ml of phosphate buffer (pH 7.0) 
3.16. Total free amino acids  
Total free amino acids were determined according to Hamilton and Van Slyke, (1973). 
Fresh plant leaves (0.5 g) were chopped and extracted with phosphate buffer (0.2  
M) having pH 7.0. Took one ml of the extract in 25 ml test tube, added one ml of pyridine (10 
%) and one ml of ninhydrin (2 %) solution in each test tube. Ninhydrin solution was prepared by 
dissolving two g ninhydrine in 100 ml distilled water. The test tubes with sample mixture, heated 
in boiling water bath for about 30 minutes. Volume of each test tube was made up to 50 ml with 
distilled water. Read the optical density of the coloured solution at 570 nm using 
spectrophotometer. Then a standard curve was developed with Lucine and free amino acids were 
calculated using the formulae given below: 
   
Graph reading of volume of dilution  
 Total amino acids =  sample       x  sample      x factor 
 (µg/g fresh wt) ------------------------------------------------------------- 
      Weight of fresh tissue x 1000 
3.17. Determination of total soluble sugars 
Total sugars were determined according to Raizi et al. (1985) method. Fresh leaves were 
chilled at 0 0C and then froze at -400C within 10 minutes. One gram leaves was homogenized in 
10 ml of ethanol (80%). The material was centrifuged and filtered. The supernatant ethanol 
extract 0.1 ml was taken in a test tube and reacted with 3 ml freshly prepared anthrone. Anthrone 
reagent was prepared by dissolving 150 mg anthrone in 100 ml H2SO4 (72% w/w). The mixture 
was heated for 10 min at 97 0C. The test tubes were cooled in ice bath and recorded the optical 
density at 625 nm on spectrophotometer. Standards were prepared by following the above 
method and a standard curve was developed to calculate the concentration.  
3.18. Chlorophyll contents.  
57 
 
Chlorophyll contents were calculated by using the method of Arnon (1949) and Davies 
(1976). Fresh leaves of (0.5 g) were chopped into segments of 0.5 cm and extracted with 5 ml 
acetone (80%) at 10 0C overnight. The material was centrifuged at 14000 x g for 5 minutes and 
measured the absorbance of the supernatant at 645, 652 and 663nm on spectrophotometer. The 
chlorophyll a, b and total chlorophyll contents were determined using following formulas: 
   
Chl a = [12.7 (OD 663) -2.69 (OD 645)] x V/1000 x W 
Chl b = [22.9 (OD 645) -4.68 (OD 663)] x V/1000 x W 
 Total Chl = [20.2 (OD 645) + 8.02 (OD 663)] x V/100 x W  
 
3.19. Ascorbate peroxidase 
 Ascorbate peroxidase (APX) activity was measured by monitoring the decrease in 
absorbance of ascorbic acid at 290 nm (extinction coefficient 2.8 mM cm-1) in a one ml reaction 
mixture containing 50 mM phosphate buffer (pH 7.6), 0.1 mM Na-EDTA, 12 mM H2O2, 0.25 
mM ascorbic acid and the sample extract as described by Cakmak, (1994).  
 
3.20. Superoxide dismutase (SOD) 
The SOD activity was estimated by measuring its capacity to inhibit the photochemical 
reduction of nitroblue tetrazolium (NBT) by using the method of Giannopolitis and Ries (1997). 
The reaction solution 3 ml contained 50 Um NBT, 13 Mm methionine, 1.3 uM riboflavin, 75 Nm 
EDTA, 50 Mm phosphate buffer (pH 7.8) and 20-50 uL enzyme extract. The besttube containing 
the reaction solution was irradiated under a light (15W fluorescent lamps) at 78 umol -2 S-1 for 15 
min. The absorbance of the irradiated solution was taken at 560 nm with a spectrophotometer 
(Hitachi U- 2100, Tokyo, Japan). One unit of SOD activity was defined as the enzyme amount 
which caused 50% inhibition in photochemical reduction of NBT.  
 
3.21. Catalase (CAT) and Peroxidase (POD) 
The catalase and peroxidase activities was calculated by the method of Chance and 
Maehyl (1955) doing some modifications. The three ml catalase reaction solution contained 
phosphate buffer (50mM) with Ph 7.0, H2O2 (5.9 mM) and enzyme extract (0.1 ml). The reaction 
was started by the addition of enzyme extract. After every 20s theabsorbance changes of the 
58 
 
reaction solution were recorded at 240 nm and 0.01 units min-1 change in absorbance was 
defined as one unit of catalase activity. 3mL of POD reaction solution contained phosphate 
buffer (50 mM with pH 5.0). guaiacol (20 mM), H2O2 (40mM) and enzyme extract (0.1 ml). 
After every 20s the change in absorbance of the reaction solution was read at 470 nm. The 
change in absorbance of 0.01 units min-1 was defined as one unit of the POD activity. The 
activities of SOD, POD and CAT were expressed on basis of proteins. The crude extract protein 
concentration was estimated by using Bradford (1976) method. 
 
3.22. Analysis of nutrients 
Dried ground leaf material (0.1 g) was reacted with two ml of concentrated H2SO4 (Wolf, 
1982) in a digestion tubes and incubated at room temperature overnight. Then 0.5 ml of H2O2 (35 
%) was added before the start of digestion down the sides of the tubes. These digestion tubes 
were heated at a temperature of 350 oC by placing in the digestion block until the fumes were 
produced. Heat continuously for 30 minutes and removed the tubes from the block and cooled. 
Slowly added 0.5 ml more H2O2 in the tubes and heated until the contents became clear and 
fumes stopped coming out completely. Tubes were cooled, and made the volume up to 50 ml 
with distilled water using volumetric flasks. This extract was filtered and used for analysis of 
different nutrients. 
 The potassium (K+) and calcium (Ca+2) were analyzed on flame photometer (Jenway PFP 
7). A graded series of standards (ranging from 10 to 100 ppm) of K+ and Ca+2 was developed and 
from the values standard curves were drawn. The values of K+ and Ca+2 observed from flam 
photometer were compared with standard curve separately and total quantities were calculated. 
Magnesium contents were determined by using atomic absorption spectrophotometer (Perkin 
Elmer). 
 Micro–Kjeldhal’s method (Bremner, 1965) was used to determine the nitrogen contents. 
Took 5.0 ml of digested material in Kjeldhal’s tubes and were placed on the Kjeldhal’s ammonia 
distillation unit. Five ml of 40 % NaOH was added to each tube. Boric acid solution of 5 ml was 
taken in a conical flask and added few drops of mixed indicator of bromocresol methylene red. 
Distillation was stopped when the distillate was approximately 40 ml. Cooled the distillate for 
few minutes and titrated it against standard H2SO4 (0.01 N) till the solution turned pink. A blank 
was run following the complete procedure. N was calculated by the following formula: 
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                                                    N %age = (V2-V1) x N x 0.014 x 100 
                                           
Where        V2      = Volume of standard H2SO4 required to titrate the sample solution.  
V1     = Volume of standard H2SO4 required to titrate the blank solution.  
N      = Normality of H2SO4 
W      = Weight of the sample  
 
            Phosphorus (P) was determined on a spectrophotometer (Jackson, 1962). The extracted 
material (2 ml) was dissolved in 2 ml of Barton’s reagent and total volume was made 50 ml. 
These samples were kept for half an hour before analyzing phosphorus. 
The values of phosphorus were calculated by using standard curve. Ammonium 
molybdat (25 g) was dissolved in 400 ml of distilled water to form solution A and 1.2 g 
of Ammonium metavandate (1.25 g) was dissolved in 300 ml of boiling water,  cooled, 
and 250 mL of conc. HNO3 was added to form solution B. The Barton’s reagent (Ashraf 
et al., 1992) was prepared by mixing solution A and B.  Made the volume up to one liter 
and was stored at room temperature. These samples were left for 30 minutes at room 
temperature and read optical density at 470 nm on photospectrometer. Phosphorus 
contents were calculated by using standard curve. Standards (0, 2, 4, 6, 8, 10 ppm) of P 
were prepared from sodium dihydrogen phosphate. Optical density of the samples was 
calculated against concentration from the standard curve.  
  
3.23. Oil extraction  
 Soxhlet apparatus was used to determine the oil contents. Dried seeds (100 g) were 
crushed and added to Soxhlet extractor having one liter round bottom flask and a  
condesnor. The oil extraction was performed with n-hexane (0.5 L) on a water bath for 6-7 h. 
Rotary evaporator was used to distill the solvent under vacuum and oil percentage was 
calculated. 
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3.24. Yield and yield components 
For yield and yield components, plants were harvested at maturity and fresh biomass was 
recorded. The plants were oven dried at 70oC for 72 hours and dry biomass was recorded. At 
maturity, following yield parameters were measured: 
i. Capitulum diameter (cm)                                           
ii.  Number of achene per capitulum  
iii.  Hundred achene weight (g)                                    
iv.   Achene yield per plant (g)  
v.   Biological yield per plant (g) 
vi.   Economic yield per plant (g) 
vii.   Harvest index (%) 
 
3.25. Statistical analysis  
 Data so collected in different experiments of this study were analyzed statistically using 
analysis of variance technique and the STATISTICA Computer Program. The Least Significant 
Difference (LSD) test at 5% probability level was used to assess the differences among 
significant means (Steel et al., 1997).   
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Chapter 4         RESULTS  
 
4.1  Screening of sunflower genotypes for drought tolerance 
 Screening of seven sunflower genotypes/hybrids was carried in two laboratory 
experiments.  The results related to different physiological indices used as selection tool in these 
experiments are given below:  
4.1.1 Germination Percentage (GP) 
 Drought stress significantly (P<0.05) reduced the germination percentage (GP) of all 
sunflower genotypes. The seed sown under normal conditions showed 17% higher GP than that 
sown in PEG-6000 induced osmotic stress conditions. Highly significant variation was also 
noted among genotypes for GP (Fig 4.1). Hysun-33 maintained the highest value (97%) and was 
statistically at par with FH-385 (92%) and Armani (92%) so these genotypes can be ranked as 
best performing ones (Fig. 4.1). Sunflower hybrid FH-405 was second in performance (85%) and 
the lowest GP (72%) was recorded in LG-5551 which differed non-significantly from FH-106 
(78%) and Hysun-39 (80%). 
 The interaction between osmotic stress (D) and sunflower genotypes (G) was significant. 
Sunflower Hysun-33 maintained maximum value for GP (100%), whereas it was the minimum 
value (57%) in LG-5551 under water stress conditions. It was observed that LG-5551, FH-106 
and Hysun-39, exposed to PEG-6000 induced osmotic stress, had non-significant differences 
among each other for GP (Fig. 4.1). 
 4.1.2 Emergence Index (EI) 
 Drought stress caused a significant decrease (32%) in emergence index (EI) 
genotypes with respect to their normal ones. The different sunflower genotypes also varied 
significantly for EI. The highest value (6.7) was recorded in Hysun-33 for this index (Fig. 4.2). 
Non-significant variations were noted among Armani, FH-385, Hysun-39 and FH-106 having 
values i.e. 5.3, 5.1, 5.0 and 4.8, respectively for EI.  Sunflower genotype LG-5551 showed the 
lowest EI (3.9) and was statistically related to FH-405 for this index (Fig. 4.2). 
The interaction D×G was non-significant for EI. 
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4.1.3 Promptness Index (PI) 
A significant decrease in promptness index (PI) of all sunflower genotypes was recorded under 
osmotic stress conditions developed by using PEG-6000.  It was observed that drought stress 
reduced PI by 34% as compared to normal conditions. The various sunflower genotypes  
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Fig. 4.1: Germination Percentage (GP) of seven sunflower hybrids at control (0 MPa)      
and PEG-6000 induced water stress (-0.6 MPa) 
 
 
 
 
 
Fig. 4.2: Emergence Index (EI) of seven sunflower hybrids at control (0 MPa) and PEG-
6000 induced water stress (-0.6 MPa) 
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exhibited significant variations for PI. The maximum value (15.9) was noted in Hysun-33, 
whereas FH-385 (13.2), Armani (13.0), Hysun-39 (12.5) and FH-106 (12.2) also maintained high 
values for this index (Fig. 4.3). Sunflower genotype LG-5551 showed the minimum value (9.7) 
for PI which was statistically at par with FH-405 (10.5) for PI. 
  Non-significant interaction was noted between osmotic stress (D) and genotypes (G) for 
this index. 
4.1.4 Germination Stress Tolerance Index (GSI) 
 
Germination stress tolerance index (GSI) of different sunflower hybrids was calculated 
by using the promptness of stressed and controlled plants. Various sunflower hybrids exhibited 
non-significant variation for GSI (Fig. 4.4). 
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Fig. 4.3: Promptness Index (PI) of seven sunflower hybrids at control (0 MPa) and PEG-
6000 induced water stress (-0.6 MPa) 
  
 
Fig. 4.4: Germination Stress Tolerance Index (GSI) of seven sunflower hybrids at control 
(0 MPa) and PEG-6000 induced water stress (-0.6MPa) 
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4.1.5. Plant Height Stress Tolerance Index (PHSI) 
Plant height stress tolerance index (PHSI) was calculated from the shoot lengths of 
normal and water stressed sunflower plants. Highly significant variation was noted among 
sunflower genotypes for this index. The highest value for PHSI (76%) was observed in Hysun-33 
and was ranked as the best performing one (Fig. 4.5).  Sunflower genotypes Armani (69%), FH-
106 (68%) and FH-385 (67%) were second in performance for PHSI. The variations between 
sunflower hybrids Hysun-39 (62.25%) and FH-405 (62.77%) were statistically non-significant, 
while LG-5551 was the poorest in performance (58.49%) for PHSI (Fig. 4.5). 
4.1.6. Root Length Stress Tolerance Index (RLSI) 
 Root length stress tolerance index (RLSI) was significantly (P>0.05) affected in different 
sunflower hybrids by osmotic stress. The highest value of RLSI (135%) was observed in Hysun-
33 that was statistically at par with Armani (130%) and FH-385 (129%) and ranked as the best 
performing ones (Fig. 4.6). Sunflower genotypes FH-405 (127%) and Husun-39 (122%) formed 
second group by maintaining RLSI values in between the highest and lowest ones Sunflower 
genotypes. LG-5551 (117%) exhibited the lowest value for RLSI which was statistically at par 
with FH-106 (119%). 
4.1.7. Dry Matter Stress Tolerance Index (DMSI) 
Dry weight of shoots and roots of seedling under both normal and water stressed 
conditions was used to calculate the dry matter stress tolerance index (DMSI). Highly significant 
variations were observed among sunflower genotypes for this index. The highest value of DMSI 
(79%) was observed in Hysun-33 that was statistically at par with Armani (76%). Sunflower 
genotypes FH-106 (72%), FH-385 (72%), FH-405 (71%) and Hysun-39 (71%) were found to be 
statistically related to each other for this index. The minimum value (63%) was noted in LG-
5551 for DMSI (Fig. 4.7). 
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Fig. 4.5: Plant Height Stress Tolerance Index (PHSI) of seven sunflower hybrids under 
control and water stress condition. 
 
 
 
 
Fig. 4.6: Root Length Stress Tolerance Index (RLSI) of seven sunflower hybrids under 
control and water stress condition. 
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Fig. 4.7: Dry matter Stress Tolerance Index (RLSI) of seven sunflower hybrids under 
control and water stress condition. 
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4.2. Optimization of nitrogen and potassium in combination for foliar 
application under drought stress  
To select best combination of nitrogen (N) and potassium (K) as foliar spray, two sunflower 
hybrids/genotypes, one drought tolerant (Hysun-33) and other sensitive (LG-5551) were used. 
Effective combination of nitrogen and potassium was estimated on the basis of following 
parameters given below:    
4.2.1 Plant Height Stress Tolerance Index (PHSI) 
Supplemental foliar application of NK (0.5% N +0.5% K) had significant (P>0.05) 
effects on plant height stress tolerance index (PHSI) of both sunflower hybrids.  Drought tolerant 
hybrid Hysun-33 maintained higher value (76 %) than sensitive hybrid LG-5551 (70%) for PHSI 
(Fig. 4.8).  
The plants foliarly applied with N+K (0.5% each) exhibited the maximum value (81%) 
for PHSI. Non-significant differences were observed among plants sprayed with water (74.24%), 
1% N + 1% K (75.51%) and 1% K (75.63%). Plants with no spray showed the minimum value 
(61.74%) for PHSI (Fig. 4.8). 
The interaction between treatments (T) and hybrids (H) was non-significant.  
4.2.2 Root Length Stress Tolerance Index (RLSI) 
Supplemental foliar application of N+K (0.5% each) had significant (P>0.05) effects on 
root length stress tolerance index (RLSI) in both sunflower hybrids.  Drought tolerant hybrid 
Hysun-33 maintained higher value (89%) than sensitive hybrid LG-5551 (77%) for RLSI (Fig. 
4.9).    
Plants sprayed with N+K (0.5% each) maintained the highest RLSI (96%).  However, 
differences among all other treatments were non-significant for RLSI (Fig. 4.9).  
The interaction between treatments (T) and hybrids (H) was statistically significant 
(P>0.05). The highest value (98%) for RLSI was recorded in sunflower hybrid Hysun-33 foliarly 
sprayed with N+K (0.5% each) while minimum (65%) was in LG-5551 as compared to plants 
with no spray.  
4.2.3 Dry Matter Stress Tolerance Index (DMSI) 
Foliar application of N+K (0.5% each) significantly (P>0.05) influenced the dry matter 
stress tolerance index (DMSI) of both sunflower hybrids. The plants foliarly applied with N+K 
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exhibited the maximum value (86%) for DMSI. While differences between water prayed (65%) 
and N+K (1% each) for this index were non-significant. The minimum value (62%) for DMSI 
was observed in plants which were not sprayed (control).  
Sunflower hybrids were also differed significantly and drought tolerant hybrid Hysun-33 
maintained higher value (74.95%) than sensitive hybrid LG-5551 (69.24%) for DMSI (Fig. 
4.10).    
The interaction between treatments (T) and sunflower hybrids (H) was non-significant. 
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Fig. 4.8: Plant height stress tolerance index (PHSI) of two sunflower hybrids applied with different 
concentrations of N and K under normal (100% field capacity) and water stress (60% field 
capacity) conditions. 
 
 
Fig. 4.9: Root length stress tolerance index (RLSI) of two sunflower hybrids applied with different 
concentrations of N and K under normal (100% field capacity) and water stress (60% field 
capacity) conditions. 
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Fig. 4.10: Dry matter stress tolerance index (DMSI) of two sunflower hybrids applied with different 
concentrations of N and K under normal (100% field capacity) and water stress (60% field 
capacity) conditions. 
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4.2.4. Water potential (ψw) 
Highly significant effect (P<0.05) of drought stress was found on leaf water potential ψw 
of both sunflower hybrids (Table 4.1). The water stressed plants exhibited much lower ψw (-0.84 
MPa) than normal plants (-0.74 MPa). Significant difference was also observed between 
sunflower hybrids for this variable. Hysun-33 maintained higher ψw (-0.78 MPa) than LG-5551 
(-0.81 MPa).  
 Supplemental foliar application of N+K (0.5% each) was found to be highly effective in 
improving the ψw of both sunflower hybrids. The highest ψw (-0.73 MPa) was recorded in plants 
sprayed with NK in combination (0.5% each) that was minimum (-0.84 MPa) in plants with no 
spray (Fig. 4.11). 
 The interaction among water stress levels (W), treatments (T) and sunflower hybrids (H) 
was non-significant (P<0.05). 
 
4.2.5. Osmotic potential (ψs) 
The exposure to drought stress significantly (P<0.05) lowered the osmotic potential ψs of 
sunflower hybrids (Table 4.1). The water stressed plants exhibited lower ψs (-1.16 MPa) than 
normal plants (-1.14 MPa). Non-significant difference was observed between sunflower hybrids 
for this variable.  
Supplemental foliar application of N+K (0.5% each) did not affect significantly in both 
sunflower hybrids. The highest ψs (-1.13 MPa) was recorded in plants sprayed with water. It was 
observed that supplementary foliar application of different combinations of NK such as 1% N, 
1% K, N+K (0.5% each) and N+K (1% each) has no considerable effects on ψs (Fig. 4.12).  
 The interaction among water stress levels (W) and treatments (T) was also 
significant (P<0.05). The maximum ψs (-1.11 MPa) was recorded in plants sprayed with water 
under normal conditions that was minimum (-1.18 MPa) in plants foliarly sprayed with N+K 
(0.5% each) under same environmental conditions. However, interaction among water stress 
levels (W), treatments (T) and sunflower hybrids (H) was non-significant (P<0.05). 
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Table 4.1: Mean square values from analysis of variance table for Water Potential (ψw) 
 and Osmotic Potential (ψs) and Turgor Potential (ψp) of two sunflower hybrids at 
 60% and 100% field capacity. 
 
S.O.V d.f. Water potential  Osmotic potential Turgor potential 
Treatments (T) 5 0.01588** 0.00135* 0.01967** 
Stress levels (S) 1 0.18201** 0.00889** 0.01125** 
Hybrids (H) 1 0.01934** 0.00109NS 0.11045** 
T × S 5 0.00064NS 0.00244** 0.00104NS 
T × H 5 0.00047NS 0.00119NS 0.00164NS 
S × H 1 0.00002NS 0.00014NS 0.00005NS  
T × S × H 5 0.00017NS 0.00013NS  0.00016NS 
Error` 48 0.00134 0.00053 0.00153 
*, ** = Significant at 0.01, 0.05 probility level 
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Fig. 4.11: Leaf water potential (ψw) of two sunflower hybrids applied with different concentrations 
of N and K under normal (100% field capacity) and water stress (60% field capacity) conditions. 
 
 
 
Fig. 4.12: Leaf osmotic potential (ψs) of two sunflower hybrids applied with different 
concentrations of N and K under normal (100% field capacity) and water stress (60% field 
capacity) conditions. 
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4.2.6. Turgor potential (ψp) 
Highly significant effect (P<0.05) of drought stress was found on leaf turgor potential 
ψpof both the sunflower hybrids (Table 4.1). The water stressed plants exhibited lower ψp (0.31 
MPa) than normal plants (0.39 MPa). Significant difference was also observed between 
sunflower hybrids for this variable. Hysun-33 maintained higher ψw (0.37 MPa) than LG-5551 
(0.34 MPa).  
 Supplemental foliar application of N+K (0.5% each) was found to be highly effective in 
improving the ψp of both sunflower hybrids (Fig.4.13). The highest ψp (0.43 MPa) was recorded 
in plants applied with NK in combination (0.5% each). A significant increase (0.36 MPa) in ψp 
was noted by foliar application of 1% N that was statistically at par with 1% K (0.36 MPa). The 
lowest value of ψp (0.32 MPa) was recorded in plants with no spray that did not differ 
significantly with water spray (0.32 MPa). 
 All interactions were found to be non-significant (P<0.05) for this variable. 
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Fig. 4.13: Leaf turgor potential (ψp) of two sunflower hybrids applied with different concentrations 
of N and K under normal (100% field capacity) and water stress (60% field capacity) conditions. 
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4.2.7. Photosynthetic rate (Pn) 
The drought stress significantly (P<0.05) reduced the photosynthetic rate (E) of 
sunflower hybrids. The water stressed plants exhibited much lower Pn (3.71µmol CO2 m-2s-1) 
than normal plants (6.64 µmol CO2 m-2s-1). Sunflower hybrids differed significantly for this 
variable (Table 4.2). Hysun-33 maintained higher Pn (6.16 µmol CO2 m-2s-1) than LG-5551 (4.20 
µmol CO2 m-2s-1).  
 Foliar application of NK (0.5% each) was found to be highly effective in improving the 
Pn of both sunflower hybrids. The highest Pn (6.62 µmol CO2 m-2s-1) was recorded in plants 
applied with NK in combination (0.5% N + 0.5% K). A significant increase in Pn was also noted 
in plants sprayed with 1% K (5.46 µmol CO2 m-2s-1), while the treatment N+K (1% each) (5.04 
µmol CO2 m-2s-1) did not differ significantly from 1% N (5.15 µmol CO2 m-2s-1). The lowest Pn 
(4.20 µmol CO2 m-2s-1) was recorded in plants with no spray (Fig. 4.14). 
 The interaction among water stress levels (W), treatments (T) and sunflower hybrids (H) 
was also significant (P<0.05). Sunflower hybrid Hysun-33 maintained the maximum Pn (9.45 
µmol CO2 m-2s-1) by foliar application of NK (0.5% N + 0.5% K) under normal conditions, 
whereas no spray resulted in the minimum value (2.48 µmol CO2 m-2s-1) in water stressed plants 
of LG-5551 (Fig. 4.14).   
4.2.8. Transpiration rate (E) 
The plants grown under drought stress conditions showed significant (P<0.05) reduction 
in transpiration rate (E) of sunflower hybrids. The water stressed plants had much lower E (2.65 
mmol H2O m-2s-1) than that of normal ones (3.05 mmol H2O m-2s-1). Significant difference was 
also observed between sunflower hybrids for this variable (Table 4.2). Hysun-33 maintained 
higher E (3.22 mmol H2O m-2s-1) than LG-5551 (2.48 mmol H2O m-2s-1).  
 Supplemental foliar application of N+K (0.5% each) was found effective in improving 
the E of both sunflower hybrids and plants maintained the highest E (3.23 mmol H2O m-2s-1). A 
significant increase in E was also noted in plants sprayed with 1% K (2.97 mmol H2O m-2s-1), 
while the lowest E (2.53 mmol H2O m-2s-1) was recorded in plants with no spray (Fig. 4.15). 
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Table 4.2. Mean square values from analysis of variance table for Transpiration rate 
 (E), Photosynthetic rate (Pn) and Stomatal conductance (gs) of two sunflower 
 hybrids at 60% and 100% field capacity. 
 
S.O.V d.f. Transpiration rate Photosynthetic rate Stomatal conductance 
Treatments (T) 5 0.71766** 8.303** 1.3497** 
Stress levels (S) 1 2.88000** 153.767** 23.5298** 
Hybrids (H) 1 9.99045** 69.070** 7.8540** 
T × S 5 0.00392NS 0.535** 0.1076** 
T × H 5 0.00337NS 0.420** 0.4835** 
S × H 1 0.07736** 22.849** 0.0490** 
T × S × H 5 0.00588NS 0.241** 0.0214** 
Error` 48 0.00580 0.051 0.0071 
*, ** = Significant at 0.01, 0.05 probility level 
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Fig. 4.14: Photosynthetic rate (Pn) of two sunflower hybrids applied with different concentrations of 
N and K under normal (100% field capacity) and water stress (60% field capacity) conditions. 
 
 
Fig. 4.15: Transpiration rate (E) of two sunflower hybrids applied with different concentrations of 
N and K under normal (100% field capacity) and water stress (60% field capacity) conditions. 
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The interaction among water stress levels (W) and sunflower hybrids (H) was also significant 
(P<0.05). Sunflower hybrid Hysun-33 maintained the maximum E (3.39 mmol H2O m-2s-1) under 
normal conditions, whereas the minimum value (2.48 mmol H2O m-2s-1) was observed in water 
stressed plants of LG-5551. 
 
4.2.9. Stomatal conductance (gs) 
Imposition of water deficit significantly (P<0.05) reduced the stomatal conductance (gs) 
of sunflower hybrids. The water stressed plants exhibited lower gs (3.21 mmol H2O m-2 s-1) than 
normal plants (4.35 mmol H2O m-2 s-1). Significant difference was also observed between 
sunflower hybrids for this variable (Table 4.2). Hysun-33 maintained higher gs (4.11 mmol H2O 
m-2 s-1) than LG-5551 (3.45 mmol H2O m-2 s-1).  
 Supplemental foliar application of N+K (0.5% each) was found to be highly effective in 
improving the gs of both sunflower hybrids (Fig. 4.16). The highest gs (4.28 mmol H2O m-2 s-1) 
were recorded in plants applied with NK in combination (0.5% each). A significant increase in gs 
was also noted in plants sprayed with 1% K (3.90 mmol H2O m-2 s-1) that did not differ 
significantly from the treatment 1% N+ 1% K (3.89 mmol H2O m-2 s-1). The lowest gs (3.38 
mmol H2O m-2 s-1) were recorded in plants with no spray that was statistically at par with water 
spray (3.43 mmol H2O m-2 s-1). 
 The interaction among water stress levels (W), treatments (T) and sunflower 
hybrids (H) was significant (P<0.05). Sunflower hybrid Hysun-33 maintained the maximum 
gs(5.17 mmol H2O m-2 s-1) with foliar application of NK (0.5% N + 0.5% K) under normal 
conditions, whereas no spray resulted in the minimum value (2.61 mmol H2O m-2 s-1) in water 
stressed plants of LG-5551 (Fig. 4.16). 
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Fig. 4.16: Stomatal conductance (gs) of two sunflower hybrids applied with different concentrations 
of N and K under normal (100% field capacity) and water stress (60% field capacity) conditions. 
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4.3. Selection of best growth stage for foliar application of nitrogen and 
potassium under drought  
        An experiment was conducted in lysimeter covered with plastic sheets to protect from 
rainfall. The above selected best combination of nitrogen and potassium with same sunflower 
genotypes were used to select best growth stage. During the course of study necessary 
physiological, biochemical, growth and yield parameters were recorded, the results of those are 
given below:    
4.3.1. Plant height (cm) 
Highly significant effect (P<0.05) of drought stress plant height was observed in both 
sunflower hybrids (Table 4.3). Water deficit conditions caused a significant reduction of 17% in 
plant height as compared to normal conditions. The plants exposed to drought stress at 
reproductive stage showed (154 cm). However, at vegetative stage (150 cm) was observed. It 
was noted that drought tolerant sunflower hybrid (Hysun-33) exhibited 6% greater plant height 
than sensitive sunflower hybrid (LG-5551).  
 Supplemental foliar spray of N+K (0.5% each) significantly (P<0.05) improved plant 
height (161.37 cm) that was minimum (142.54 cm) with no spray (Fig.4.17).  
The interaction among different factors such as water stress levels (W), treatment (T) and 
hybrids (H) was statistically significant (P<0.05). Maximum plant height (173.50 cm) of 
sunflower hybrid Hysun-33 was recorded with supplemental foliar application of N+K (0.5% 
each) in normal plants. Whereas, minimum value (120.67cm) was observed in LG-5551 under 
water stressed conditions with no spray. The interaction among water stress levels (W), Growth 
stages (S), treatments (T) and hybrids (H) was non-significant (Table 4.3). 
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Fig.4.17. Plant height (cm) of two sunflower hybrids effected supplementary foliar application of N 
and K under water stress imposed at different growth stages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
20
40
60
80
100
120
140
160
180
200
N
S
W
S
0.
5%
N
K
N
S
W
S
0.
5%
N
K
N
S
W
S
0.
5%
N
K
N
S
W
S
0.
5%
N
K
Vegetative stage Reproductive stage Vegetative stage Reproductive stage
100%FC 60% FC
P
la
n
t 
h
ei
gh
t 
(c
m
)
Hysun-33 LG-5551
85 
 
4.3.2. Water Potential (ψw) 
Analysis of variance regarding ψw revealed that it was significantly reduced (P<0.01) in 
water stressed sunflower plants than of non-stressed plants (Table 4.3). Drought stress caused a 
14% reduction in ψw as compared to normal irrigated plants (Table 4.3). Imposition of water 
stress at vegetative stage caused 2% more reduction in ψw as compared to reproductive stage. It 
was observed that Hysun-33 maintained 24% more values of ψw as compared to LG-5551.  
 Supplemental foliar application of N+K (0.5% each) significantly improved leaf water 
potential ψw and gave maximum value (-0.6525 MPa). However, the minimum value (-0.8517 
MPA) was recorded in plants with no spray for this variable (Fig. 4.17). 
 The interactions among different factors such as growth stages (G), treatments (T) and 
hybrids (H) was statistically significant (P<0.05). The highest value (-0.5517 MPa) of ψw was 
observed under supplemental foliar application of N+K (0.5% each) at vegetative stage while the 
minimum (-0.9383 MPa) was observed in plants with no spray giving stress at reproductive 
stage. Both sunflower hybrids were statistically affected by supplementary foliar application of 
N+K (0.5% each). Sunflower hybrid Hysun-33 maintained maximum value (-0.5267 MPa) at 
N+K (0.5% each) foliar treatment under control conditions that was minimum (-1.02 MPa) at no 
spray in LG-5551 under water stress (Fig. 4.17). The interactions among water stress levels (W), 
growth stages (G), treatments (T) and hybrids (H) were non-significant. 
4.3.3. Osmotic potential (ψs)  
Highly significant effect (P<0.01) of drought stress was found on ψs (Table 4.3). Drought 
stress decreased ψs 4% as compared to normal supply of water.  The comparison between stages 
indicated that water stress at vegetative stage decreased 5% more ψs as compared to reproductive 
stage. It was observed that drought tolerant sunflower hybrid (Hysun-33) exhibited 4% higher ψs 
than sensitive sunflower hybrid (LG-5551).  
Foliar application of N+K (0.5% each) significantly (P<0.01) influenced the ψs of both 
sunflower hybrids and gave the highest value (-1.34 MPa). However lowest value (-1.48 MPa) of 
ψs wasrecorded in plants with no spray (Fig. 4.18). 
The interactions among different factors such as growth stages (G), treatments (T) and 
hybrids (H) was statistically significant (P<0.05). Maximum value (-1.20 MPa) of ψs was 
observed in plants of Hysun-33 supplemented with N+K (0.5% each) at vegetative stage while  
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Table 4.3: Mean square values from the analysis of variance of plant height, water 
 potential (ψw), osmotic potential (ψs), turgor potential (ψP) and relative water 
 contents (RWC) in two sunflower hybrids exposed to supplementary foliar 
 application of nitrogen and potassium under drought stress. 
 
*, **, = P<0.05 and 0.01 levels respectively              NS = Non significant 
 
SOV 
 
d.f 
Plant 
Height 
Water 
Potential  
(MPa)  
Osmotic 
Potential  
(MPa) 
 
Turgor 
Potential 
(MPa) 
Relative 
Water 
Contents  
(%) 
Water Stress 
(W) 
1 13972.3** 0.17900** 0.05387** 0.03647** 551.026** 
Growth 
Stages (S) 
1 333.7** 0.00587** 0.08504** 0.13559** 356.949** 
NK 
treatments 
(T) 
2 2130.2** 0.23836** 0.12326** 0.01932** 751.209** 
Hybrids (H) 1 1485.1** 0.47531** 0.06910** 0.18196** 197.304** 
W×S 1 847.3** 0.05611** 0.03102** 0.00369** 31.336** 
W×T 2 322.7** 0.00359** 0.00401** 0.00011NS 32.128** 
W×H 1 333.7** 0.02920** 0.02382* 0.00027NS 2.122NS 
S×T 2 9.4NS 0.01009** 0.00881** 0.00043NS 3.732NS 
S×H 1 10.1NS 0.05173** 0.01461** 0.12132** 14.621* 
T×H 2 50.2** 0.00708** 0.01091** 0.00087NS 28.825** 
W×S×T 2 26.7* 0.00125NS 0.00159NS 0.00002NS 1.309NS 
W×S×H 1 1.1NS 0.01100** 0.00901** 0.00010NS 5.446NS 
W×T×H 2 38.2** 0.00400** 0.00242** 0.00026NS 0.356NS 
S×T×H 2 2.7NS 0.00482** 0.00619** 0.00020NS 8.077NS 
W×S×T×H 2 10.5NS 0.00113NS 0.00120NS 0.00008NS 0.031NS 
Error 48 5.3 0.00039 0.00060 0.00048 3.287 
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Fig.4.18. Water potential (ψw) of two sunflower hybrids effected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
 
 
 
 
 
Fig.4.19. Osmotic potential (ψs) of two sunflower hybrids effected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
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The minimum (-1.52 MPa) was in plants of LG-5551 with no spray and stressed at reproductive 
stage. Sunflower hybrid Hysun-33 maintained higher value (-1.28 MPa) for ψs in plants foliarly 
sprayed with N+K (0.5% each) under control conditions and the lowest (-1.57 MPa) was in 
plants of LG-5551with no spray under water stress. However, the interaction among water stress 
levels (W), growth stages (S), treatments (T) and hybrids (H) were non-significant (Table 4.3). 
4.3.4. Turgor potential (ψP) 
Analysis of variance for the data regarding leaf turgor potential (ψP) showed that drought 
stress significantly reduced the (ψP) in both sunflower hybrids (Table 4.3). The limited water 
supply decreased ψP 7% with respect to normal conditions. The plants exposed to water stress at 
the vegetative stage gave 13% less value of ψP than plants given stress at reproductive stage. It 
was detected that drought tolerant sunflower hybrid (Hysun-33) exhibited 15% greater value for 
ψP than sensitive sunflower hybrid (LG-5551).  
A significant (P<0.05) effect of supplemental foliar application of N+K (0.5% each) was 
determined in improving the drought tolerance potential of both sunflower hybrids through 
enhancement in ψP that gave maximum value (0.69 MPa) whereas, plants with no spray resulted 
in minimum value (0.63 MPa) for this variable (Fig.4.19). 
The interactions between growth stages (S) and hybrids (H) was also statistically 
significant (P<0.05). The sunflower hybrid Hysun-33 maintained the highest value (0.79 MPa) 
for ψP in plants given stress at reproductive stage. However, sunflower hybrid LG-5551 
exhibited the lowest value (0.6071 MPa) for ψP at vegetative stage (Fig.4.19). However, the 
interaction among water stress levels (W), growth stages (S), treatments (T) and hybrids (H) 
were non-significant (Table 4.3). 
4.3.5. Relative water contents 
Imposition of water stress significantly (P<0.05) reduced the relative water contents 
(RWC) in both sunflower hybrids (Table 4.3). The limited water supply lowered the RWC by 
8% with respect to normal conditions. The plants given water stress at the reproductive stage 
reduced 6% RWC as compared to vegetative stage. It was noted that drought tolerant sunflower 
hybrid (Hysun-33) showed 5% higher RWC than sensitive sunflower hybrid (LG-5551).  
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Fig.4.20. Turgor potential (ψP) of two sunflower hybrids effected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
 
 
 
Fig.4.21. Relative water contents (RWC) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
NS WS 0.5%NK NS WS 0.5%NK NS WS 0.5%NK NS WS 0.5%NK
Vegetative stage Reproductive stage Vegetative stage Reproductive stage
100%FC 60% FC
Tu
rg
o
r 
p
o
te
n
ti
al
 (M
P
a)
Hysun-33 LG-5551
0
10
20
30
40
50
60
70
80
90
NS WS 0.5%NK NS WS 0.5%NK NS WS 0.5%NK NS WS 0.5%NK
Vegetative stage Reproductive stage Vegetative stage Reproductive stage
100%FC 60% FC
R
el
at
iv
e 
w
at
er
 c
o
n
te
n
ts
 (%
)
Hysun-33 LG-5551
90 
 
A significant (P<0.05) increase in RWC was observed with supplemental foliar 
application of N+K (0.5% each) in both sunflower hybrids with the maximum value (74.61%) 
whereas, the plants with no spray exhibited minimum value (63.64%) for this variable (Fig.4.20).  
The interactions between treatments (T) and hybrids (H) was statistically significant 
(P<0.05). The highest value (76.52%) of RWC was recorded by supplemental foliar application 
of N+K (0.5% each) in Hysun-33 while the minimum (61.04%) was with no spray in LG-5551 
(Fig.4.20). However, the interaction among water stress levels (W), growth stages (S), treatments 
(T) and hybrids (H) were non-significant (Table 4.3). 
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4.3.6. Chlorophyll a 
Analysis of variance for the data regarding chlorophyll a showed that drought stress 
significantly (P<0.05) influenced the chlorophyll a contents in both sunflower hybrids (Table 
4.4). Water deficit conditions decreased chlorophyll a contents 16% with respect to normal 
conditions. The plants exposed to water stress at the vegetative stage caused 10% increases in 
chlorophyll a than plants given stress at reproductive stage. It was observed that drought tolerant 
sunflower hybrid (Hysun-33) exhibited 18% higher chlorophyll a than sensitive sunflower hybrid 
(LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly improved the 
chlorophyll a contents with maximum value (0.45 mg g-1) whereas, plants with no spray resulted 
in minimum value (0.36 mg g-1) for this variable (Fig. 4.22). 
The interactions among different factors such as water stress levels (W), growth stages 
(S) and hybrids (H) was statistically significant (P<0.05). The sunflower hybrid Hysun-33 
maintained the highest value (0.52cmg g-1) for chlorophyll a at vegetative stage in normal plants. 
However sunflower hybrid LG-5551 exhibited the lowest value (0.31 mg g-1) for this variable at 
the same growth stage under water stressed conditions. The interaction among water stress levels 
(W), growth stages (S), treatments (T) and hybrids (H) was non-significant (Table 4.4). 
4.3.7. Chlorophyll b 
Water stress had significant (P<0.05) effects on chlorophyll b contents in both sunflower 
hybrids (Table 4.4). The limited water supply decreased chlorophyll b contents by 14% with 
respect to normal conditions. The plants exposed to water stress at the vegetative stage caused 
11% increment in chlorophyll b than plants given stress at reproductive stage. It was observed 
that drought tolerant sunflower hybrid (Hysun-33) maintained 11% higher chlorophyll b than 
sensitive sunflower hybrid (LG-5551).  
Foliar application of N+K (0.5% each) significantly enhanced the chlorophyll b contents 
(0.31mg g-1) than that of the plants with no sprays (0.22mg g-1). 
The interactions among water stress levels (W), growth stages (S) and sunflower hybrids 
(H) was statistically significant (P<0.05). The sunflower hybrid Hysun-33 exhibited the highest 
value (0.34 mg g-1) for chlorophyll b at vegetative stage in normal plants (Fig. 4.23).  
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Table 4.4: Mean square values from analysis of variance table for chlorophyll a, chlorophyll b 
and total chlorophyll a+b of two sunflower hybrids under foliar applied nitrogen 
and potassium subjected to water stress. 
 
*, **, = P<0.05 and 0.01 levels respectively 
NS = Non significant 
 
 
 
 
 
 
 
 
SOV 
 
d.f 
Chlorophyll a Chlorophyll  b Chlorophyll a + b 
Water stress levels (W) 1 0.09909** 0.02728** 22.6421** 
Growth Stages (S) 1 0.02637** 0.00972** 7.5027** 
NK treatments (T) 2 0.04030** 0.05205** 19.7459** 
Hybrids (H) 1 0.11201** 0.01767** 20.6531** 
W×S 1 0.00237** 0.01218** 2.4032** 
W×T 2 0.00001NS 0.00026NS 0.0158NS 
W×H 1 0.00371** 0.01279** 0.3147* 
S×T 2 0.00228** 0.00478** 0.0022NS 
S×H 1 0.03984** 0.00415** 1.4926** 
T×H 2 0.00111* 0.00146* 0.0736NS 
W×S×T 2 0.00023NS 0.00034NS 0.0212NS 
W×S×H 1 0.00127* 0.00794** 1.6573** 
W×T×H 2 0.00089* 0.00015NS 0.1628NS 
S×T×H 2 0.00039NS 0.00038NS 0.0310NS 
W×S×T×H 2 0.00009NS 0.00007NS 0.0642NS 
Error 48 0.00024 0.00043 0.0526 
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Fig.4.22. Chlorophyll a of two sunflower hybrids effected supplementary foliar application of N and 
K under water stress imposed at different growth stages. 
 
 
Fig.4.23. Chlorophyll b of two sunflower hybrids effected supplementary foliar application of N and 
K under water stress imposed at different growth stages. 
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The lowest value (0.22 mg g-1) for chlorophyll b was recorded in sunflower hybrid LG-5551 for 
this variable at reproductive stage under water stressed conditions. The interaction among water 
stress levels (W), growth stages (S), treatments (T) and hybrids (H) were non-significant (Table 
4.4). 
4.3.8. Total Chlorophyll a + b 
Analysis of variance for the data regarding chlorophyll a +b indicated that water stress 
significantly (P<0.05) influenced this variable in both sunflower hybrids (Table 4.4). The lower 
water supply reduced chlorophyll a + b contents by 15% with respect to control once. The plants 
imposed to drought at the vegetative stage had 9% higher chlorophyll a + b contents than plants 
given stress at reproductive stage (Fig.4.24). Drought tolerant sunflower hybrid (Hysun-33) 
exhibited 15% higher chlorophyll a + b than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
chlorophyll a + b and plants under this treatment had higher value (7.62 mg g-1) than the plants 
with no spray (5.83 mg g-1). 
The interactions among different factors such as water stress levels (W), growth stages 
(S) and hybrids (H) was statistically significant (P<0.05). The sunflower hybrid Hysun-33 
maintained the highest value (8.60 mg g-1) for chlorophyll a + b at vegetative stage in normal 
conditions. However, sunflower hybrid LG-5551 exhibited the lowest value (5.46 mg g-1) for this 
variable at reproductive stage under water stressed conditions. Interaction among water stress 
levels (W), growth stages (S), treatments (T) and hybrids (H) were non-significant (Table 4.4). 
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Fig.4.24. Chlorophyll a + b of two sunflower hybrids affected supplementary foliar application of N 
and K under water stress imposed at different growth stages. 
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4.3.9. Photosynthetic rate (Pn) 
Imposition of water deficit either vegetative or reproductive growth stage significantly 
(P>0.01) decreased photosynthetic rate (Pn) in both sunflower hybrids (Table 4.5). The limited 
water supply decreased Pn activity by 22% with respect to normal conditions. The plants 
exposed to water stress at the reproductive stage caused 3% more increment in Pn than plants 
given stress at vegetative stage. It was observed that drought tolerant sunflower hybrid (Hysun-
33) exhibited 19% higher Pn than sensitive sunflower hybrid (LG-5551).  
Foliar spray of N+K (0.5% each) was effective in mitigating the drastic effects of drought 
stress in both sunflower hybrids by improving Pn rate that gave the  maximum value (13.07 
µmol CO2 m-2s-1) whereas, no spray plants caused the minimum value (11.30 µmol CO2 m-2s-1) 
for this variable (Fig.4.25). 
 The interactions among water stress (W) growth stages (S), treatments (T) and hybrids 
(H) was statistically significant (P<0.05). The sunflower hybrid Hysun-33 maintained the highest 
value (15.86 µmol CO2 m-2s-1) for Pn by supplemental foliar application of N+K (0.5% each) at 
reproductive stage in normally irrigated plants. However, sunflower hybrid LG-5551 exhibited 
the lowest value (7.53 µmol CO2 m-2s-1) for Pn with no foliar spray at vegetative stage under 
water stress conditions. 
4.3.10. Transpiration rate (E) 
Transpiration rate (E) significantly (P<0.05) decreased under water deficit conditions in 
both sunflower hybrids (Table 4.5). The low water availability reduced E 24% with respect to 
normal conditions. The plants under water stress at the reproductive stage caused 2% more 
increment in transpiration rate than plants given stress at vegetative stage. It was observed that 
drought tolerant sunflower hybrid (Hysun-33) exhibited 11% higher E than sensitive sunflower 
hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
E (5.60 mmol H2O m-2s-1) as compared to control. Whereas, the in minimum value (4.11 mmol 
H2O m-2s-1) for this variable was recorded in plants with no spray (Fig.4.26). 
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Table 4.5: Mean square values from analysis of variance table for photosynthetic rate, 
transpiration rate and stomatal conductance of two sunflower hybrids under 
foliar applied nitrogen and potassium subjected to water stress. 
 
*, **, = P<0.05 and 0.01 levels respectively 
NS = Non significant 
 
 
 
 
 
 
 
 
SOV 
 
d.f 
Photosynthetic rate Transpiration rate Stomatal conductance 
Water stress levels (W) 1 157.827** 29.9925** 8473.4** 
Growth Stages (S) 1 1.742** 0.2392** 1.2NS 
NK treatments (T) 2 19.237** 14.0467** 13315.2** 
Hybrids (H) 1 122.722** 5.2867** 14120.4** 
W×S 1 0.320** 0.3107** 488.5** 
W×T 2 1.971** 0.2663** 275.3** 
W×H 1 1.502** 0.0268NS 129.3NS 
S×T 2 2.097** 0.0584** 13.2NS 
S×H 1 0.467** 0.0387NS 230.0* 
T×H 2 0.561** 0.1040** 1374.6** 
W×S×T 2 0.260** 0.0056NS 3.0NS 
W×S×H 1 1.125** 0.0120NS 6.3NS 
W×T×H 2 0.284** 0.0035NS 5.7NS 
S×T×H 2 0.509** 0.0996** 39.0NS 
W×S×T×H 2 0.682** 0.0058NS 4.8NS 
Error 48 0.037 0.0113 40.3 
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Fig.4.25. Photosynthetic rate (Pn) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
Fig.4.26. Transpiration rate (E) of two sunflower hybrids effected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
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 The interactions among different factors such as growth stages (S), treatments (T) and 
hybrids (H) was statistically significant (P<0.05). The sunflower hybrid Hysun-33 showed the 
highest value (287.30 mmol H2O m-2s-1) for E by supplemental foliar application of N+K (0.5% 
each) at vegetative stage in normal plants. However sunflower hybrid LG-5551 exhibited the 
lowest value (215.02 mmol H2O m-2s-1) for E with no spray at reproductive stage. The interaction 
among water stress levels (W), growth stages (S), treatments (T) and hybrids (H) was non-
significant (Table 4.5). 
4.3.11. Stomatal conductance 
Analysis of variance for the data regarding stomatal conductance showed that drought 
stress significantly (P<0.05) influenced this variable (Table 4.5). The limited water supply 
reduced stomatal conductance by 9% with respect to normal conditions. The plants exposed to 
water stress at the vegetative and reproductive stage have no significant effects on stomatal 
conductance in both sunflower hybrids. It was observed that drought tolerant sunflower hybrid 
(Hysun-33) exhibited 11% higher stomatal conductance value than sensitive sunflower hybrid 
(LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly improved the stomatal 
conductance of both the sunflower hybrids and plants floiarly sprayed with this treatment 
maintained maximum stomatal conductace (267.47 mmol H2O m-2s-1) whereas, no spray resulted 
in minimum value (220.37 mmol H2O m-2s-1) for this variable (Fig.4.27). 
 The interactions among different factors such as water stress x treatments and treatments 
x hybrids were statistically significant (P<0.05). The highest value (274.73 mmol H2O m-2s-1) for 
stomatal conductance was observed in plants sprayed with N+K (0.5% each) under control 
conditions while the minimum (206.38 mmol H2O m-2s-1) was in no sprayed plants in water 
stressed conditions. Both sunflower hybrids were statistically affected by supplementary foliar 
application of NK. Sunflower hybrid Hysun-33 maintained higher stomatal conductance (285.17 
mmol H2O m-2s-1) under N +K foliar treatment than that of LG-5551 (215.07 mmol H2O m-2s-1) 
under no spray treatment. The interaction among water stress levels (W), growth stages (S), 
treatments (T) and hybrids (H) was non-significant (Table 4.5).  
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Fig.4.27. Stomatal conductance (gs) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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4.3.12. Total free amino acids 
Analysis of variance for the data regarding total free amino acids (TFA) showed that 
drought stress significantly (P<0.05) influenced their accumulation in both sunflower hybrids 
(Table 4.6). Under limited water supply conditions plants maintained 51% more TFA than that of 
those grown in normal conditions. The plants exposed to water stress at the reproductive stage 
accumulated 28% more TFA than normal plants. It was observed that drought tolerant sunflower 
hybrid (Hysun-33) exhibited 49% higher TFA than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of NK (0.5% each) significantly enhanced the TFA 
accumulation in plants (Fig.4.27). The plants treated with NK in combination had higher TFA 
(7.57 mg g-1 F.W) contents than those with no spray (6.02 mg g-1 F.W). 
The interaction among water stress levels (W), growth stages (S), treatments (T) and 
hybrids (H) was also significant (P<0.05). The plants of sunflower hybrid Hysun-33 maintained 
the highest TFA accumulation (11.42 mg g-1 F.W) under supplementation of N+K (0.5% each) at 
reproductive stage under limited water conditions than all others. The normal plants of sunflower 
hybrid LG-5551 exhibited the lowest value (3.15 mg g-1 F.W) for TFA with no foliar spray at 
vegetative stage (Fig. 4.28).    
4.3.13. Total soluble sugars  
Analysis of variance for the data regarding total soluble sugars (TSS) revealed that 
drought stress significantly (P<0.05) affected this variable in both sunflower hybrids (Table 4.6). 
Water deficit plants maintained TSS accumulation 100% higher with respect to plants grown 
under normal conditions. The plants exposed to water stress at the reproductive stage 
accumulated 31% more TSS than under normal plants. Drought tolerant sunflower hybrid 
(Hysun-33) exhibited 25% higher TSS than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly improved TSS 
accumulation. The plants foliarly applied with N+K in combination had higher TSS 
accumulation (2.7252 mg g-1 F.W) than those with no spray (1.9122 mg g-1 F.W) for this variable 
(Fig. 4.29). 
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Table: 4.6: Mean square values from analysis of variance table for total free amino acid, 
 total soluble sugar, total soluble protein and prolien contents of two sunflower 
 hybrids under foliar applied nitrogen and potassium subjected to water stress. 
 
*, **, = P<0.05 and 0.01 levels respectively   NS = Non significant 
 
 
 
 
 
SOV 
 
d.f 
Total free 
amino acid 
Total soluble 
sugar 
Total soluble 
protein 
Prolein 
Water stress levels (W) 1 135.339** 41.4059** 47.1858** 62359.6** 
Growth Stages (S) 1 50.441** 6.7886** 0.6925NS 1426.6** 
NK treatments (T) 2 14.592** 4.0926** 10.2890** 5380.4** 
Hybrids (H) 1 128.508** 4.6915** 48.10001** 9605.5** 
W×S 1 0.945** 2.3161** 0.7583* 2176.4** 
W×T 2 0.311** 0.0112 NS 1.2444** 101.5** 
W×H 1 23.575** 0.5177** 0.6870NS 1015.4** 
S×T 2 0.433** 0.415NS 0.0130NS 64.2** 
S×H 1 15.184** 0.1027NS 0.9971* 87.4* 
T×H 2 1.618** 0.0483NS 0.4917NS 119.1* 
W×S×T 2 0.212** 0.0765NS 0.0504NS 138.0** 
W×S×H 1 0.790** 0.4083** 0.1436NS 344.2** 
W×T×H 2 0.573** 0.0736NS 0.1001NS 75.3** 
S×T×H 2 0.219** 0.0022NS 0.0145NS 174.1* 
W×S×T×H 2 0.163* 0.0425NS 0.0650NS 196.3** 
Error 48 0.032 0.0433 0.1808 16.4** 
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Fig.4.28. Total free amino acids (TFA) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
Fig.4.29. Total soluble sugars (TSS) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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The interaction among different factors such as water stress levels (W), treatments (T) 
and hybrids (H) was statistically highly significant (P<0.05). The sunflower hybrid Hysun-33 
maintained the highest value (3.6921 mg g-1 F.W) for TSS by supplemental foliar application of 
N+K (0.5% each) under limited soil moisture conditions. The normal plants of sunflower hybrid 
LG-5551 exhibited the lowest value (0.9745 mg g-1 F.W) for TSS with no foliar application. 
However, the interaction among water stress levels (W), growth stages (S), treatments (T) and 
hybrids (H) was significant (P<0.05). 
4.3.14. Total soluble proteins 
Analysis of variance for data for total soluble protein (TSP) revealed significantly 
(P>0.01) difference among water deficit treatments in both sunflower hybrids (Table 4.6). TSP 
significantly decreased under water stress conditions in both sunflower hybrids. Impositions of 
water deficit caused 24% reduction in TSP with respect to normal conditions. A non-significant 
effect of growth stages was observed on TSP. It was observed that drought tolerant sunflower 
hybrid (Hysun-33) exhibited 24% higher TSP than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) enhanced 
TSP (Fig.4.30). The plants sprayed with NK in combination maintained higher TSP (6.5775 mg 
g-1 F.W) than those with no spray (5.2857 mg g-1 F.W). 
The interaction among different factors such as water stress levels × treatments and 
growth stages × hybrids was statistically highly significant (P<0.05). The highest value (7.1700 
mg g-1 F.W) of TSP was observed with N+K (0.5% each) in normal plants. However, the 
minimum value (4.2391 mg g-1 F.W) was observed with no spray in water stressed plants. 
Sunflower hybrid Hysun-33 maintained the maximum value (6.9028 mg g-1 F.W) in plants given 
stress at reproductive stage that was minimum (5.0327 mg g-1 F.W) in LG-5551 at the same 
growth stage. However, the interaction among water stress levels (W), growth stages (S), 
treatments (T) and hybrids (H) was non-significant (P<0.05). 
4.3.15. Proline  
Water deficit treatments significantly (P<0.05) affected the proline accumulation in both 
sunflower hybrids (Table 4.6). Plants grown under water deficit conditions had 22% higher 
proline than those grown under normal conditions. The plants exposed to water stress at the 
reproductive stage accumulated 3% more proline than those stressed at vegetative stage grown 
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under normal conditions. Drought tolerant sunflower hybrid (Hysun-33) exhibited 8% higher 
proline contents than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) enhanced the 
proline accumulation and plants treated with N+K maintained higher proline contents (305.08 
mg g-1 F.W) than those with no spray (275.37 mg g-1 F.W). 
The interactions among different factors such as water stress levels (W), growth stages 
(S), treatments (T) and hybrids (H) was statistically highly significant (P<0.05). The sunflower 
hybrid Hysun-33 maintained the highest value (351.37 mg g-1 F.W) for proline by supplemental 
foliar application of N+K (0.5% each) at reproductive stage under limited water conditions. The 
normal plants of sunflower hybrid LG-5551 exhibited the lowest value (216.98 mg g-1 F.W) for 
proline with no foliar spray at vegetative stage (Fig. 4.31). 
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Fig.4.30. Total soluble proteins (TSP) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
 
 
Fig.4.31. Proline of two sunflower hybrids effected supplementary foliar application of N and K 
under water stress imposed at different growth stages. 
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4.3.16. Catalase activity 
Analysis of variance for the data regarding catalase activity showed that drought stress 
significantly (P<0.05) affected this variable in both sunflower hybrids (Table 4.7). The limited 
water supply enhanced catalase activity by 44% with respect to normal conditions. The plants 
exposed to water stress at the reproductive stage accumulated 14% more catalase activity than 
those plants given stress at vegetative stage. It was observed that drought tolerant sunflower 
hybrid (Hysun-33) exhibited 10% higher catalase activity than sensitive sunflower hybrid (LG-
5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) increased the 
catalase activity (Fig. 4.32). The catalase activity (320.85 Units min-1 g-1 F W) recorded in plants 
foliarly sprayed with NK in combination was higher than plants with no spray (231.04 Units min-
1 g-1 F W). 
The interactions among different factors such as water stress levels (W), growth stages 
(S), treatments (T) and hybrids (H) were statistically highly significant (P<0.05). The sunflower 
hybrid Hysun-33 maintained the highest value (440.70 Units min-1 g-1 F W) for catalase activity 
by supplemental foliar application of N+K (0.5% each) at reproductive stage under limited water 
conditions. The normal plants of sunflower hybrid LG-5551 exhibited the lowest value (178.77 
Units min-1 g-1 F W) for catalase activity with no spray at vegetative stage (Fig. 4.32).    
4.3.17. Peroxidase activity 
Analysis of variance for the data regarding peroxidase activity revealed that drought 
stress significantly (P<0.05) influenced this variable in both sunflower hybrids (Table 4.7). The 
plants grown under limited water supply enhanced peroxidase activity by 30% with respect to 
those grown in normal conditions. The plants exposed to water stress at the reproductive stage 
accumulated 8% more peroxidase activity than plants given stress at vegetative stage. It was 
observed that drought tolerant sunflower hybrid (Hysun-33) exhibited 18% higher peroxidase 
activity than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
peroxidase activity (Fig. 4.33). The plants sprayed with NK in combination had higher 
peroxidase activity (155.30 Units min-1 g-1 F W) than those with no sprayed (120.51 Units min-1 
g-1 F W).. 
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Table 4.7: Mean square values from analysis of variance table for catalase, peroxidase, 
 ascorbate peroxidase and superoxide dismutase of two sunflower hybrids under 
 foliar applied nitrogen and potassium subjected to water stress. 
*, **, = P<0.05 and 0.01 levels respectively 
NS = Non significant 
 
 
 
 
 
 
 
 
SOV 
 
d.f 
Catalase Peroxidase Ascorbate 
peroxidase 
Superoxide 
dismutase 
Water stress levels (W) 1 177170** 22361.9** 6.67289** 133817** 
Growth Stages (S) 1 22775** 2074.5** 3.13771** 11200** 
NK treatments (T) 2 48897** 7688.0** 3.29868** 4894** 
Hybrids (H) 1 12116** 8956.6** 2.21478** 4769** 
W×S 1 3166** 230.4** 0.13293** 2027** 
W×T 2 88834** 507.9** 0.19858** 6NS 
W×H 1 3602** 820.9** 0.00976NS 20NS 
S×T 2 102NS 23.8NS 0.09555** 23NS 
S×H 1 611** 26.2NS 0.22985** 174* 
T×H 2 19NS 152.6* 0.00743NS 59NS 
W×S×T 2 64NS 3.1NS 0.00014NS 311** 
W×S×H 1 20NS 7.6NS 0.00063NS 72NS 
W×T×H 2 1NS 11.4NS 0.00470NS 28NS 
S×T×H 2 1603** 488.3** 0.11591** 21NS 
W×S×T×H 2 265* 19.3NS 0.00503NS 30NS 
Error 48 67 30.7 0.00478 37 
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Fig.4.32. Catalase activity of two sunflower hybrids effected supplementary foliar application of N 
and K under water stress imposed at different growth stages. 
 
 
 
Fig.4.33. Peroxidase activity of two sunflower hybrids effected supplementary foliar application of 
N and K under water stress imposed at different growth stages. 
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The interactions among different factors such as growth stages (S), treatments (T) and 
hybrids (H) were statistically significant (P<0.05). The sunflower hybrid Hysun-33 maintained 
the highest value (169.29 Units min-1 g-1 F W) for peroxidase activity by supplemental foliar 
application of N+K (0.5% each) at vegetative stage. However sunflower hybrid LG-5551 
exhibited the lowest value (107.64 Units min-1 g-1 F W) for peroxidase activity by no foliar spray 
at vegetative stage (Fig. 4.33). 
4.3.18. Ascorbate peroxidase activity 
Analysis of variance for the data regarding ascorbate peroxidase activity showed that 
drought stress significantly (P<0.05) affected this variable in both sunflower hybrids (Table 4.7). 
The limited water supply to plants enhanced ascorbate peroxidase activity by 15% with respect 
to those of normal conditions. The plants exposed to water stress at the reproductive stage 
accumulated 10% more peroxidase activity than plants given stress at vegetative stage. It was 
observed that drought tolerant sunflower hybrid (Hysun-33) exhibited 8% higher ascorbate 
peroxidase activity than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
ascorbate peroxidase activity of the plants (Fig. 4.34). The plants foliarly applied with NK in 
combination maintained higher (4.78 ABA digested g-1 FW hr-1) ascorbate peroxidase activity 
than those with no spray (4.03 ABA digested g-1 FW hr-1). 
The interactions among different factors such as growth stages (S), treatments (T) and 
hybrids (H) were statistically highly significant (P<0.05). The sunflower hybrid Hysun-33 
maintained the highest value (5.1759 ABA digested g-1 FW hr-1) for ascorbate peroxidase 
activity by supplemental foliar application of N+K (0.5% each) at reproductive stage than hybrid 
LG-5551 (3.7840 ABA digested g-1 FW hr-1) with no foliar spray at vegetative stage (Fig. 4.34). 
4.3.19. Superoxide dismutase (SOD) 
Analysis of variance for the data regarding superoxide dismutase (SOD) showed that 
water stress significantly (P<0.05) affected this variable in both sunflower hybrids (Table 4.7). 
The limited water supply to plants enhanced SOD activity by 35% with respect to those of 
normal conditions. The plants exposed to water stress at the reproductive stage accumulated 13% 
more peroxidase activity than plants given stress at vegetative stage. It was observed that drought 
tolerant sunflower hybrid (Hysun-33) exhibited 8% higher SOD activity than sensitive sunflower 
hybrid (LG-5551).  
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Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
SOD activity of the plants (Fig. 4.35). The plants foliarly applied with NK in combination 
maintained higher (218 Units min-1 g-1 F W) ascorbate peroxidase activity than those with no 
spray (190 Units min-1 g-1 F W). 
The interactions among different factors such as water stress levels (W), growth stages 
(S) and treatments (T) were statistically highly significant (P<0.05). The highest value (283 
Units min-1 g-1 F W) for SOD activity was observed with supplemental foliar application of N+K 
(0.5% each) in water stressed plants imposed at reproductive stage. However the minimum value 
(139 Units min-1 g-1 F W) was recorded with no foliar spray in normal plants at vegetative stage 
(Fig. 4.35). The interaction among water stress levels (W), growth stages (S), treatments (T) and 
hybrids (H) was non-significant (P<0.05). 
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Fig.4.34. Ascorbate peroxidase activity of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
 
 
Fig.4.35. Superoxide dismutase activity of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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4.3.20. Nitrogen (N) 
Analysis of variance for the data regarding nitrogen (N) concentration showed that 
drought stress significantly (P<0.05) influence it in both sunflower hybrids (Table 4.8). The 
plants with limited water supply had 16% less N contents than plants with normal conditions. 
The plants exposed to water stress at the reproductive stage had 4% more N concentration than 
plants given stress at vegetative stage. Drought tolerant sunflower hybrid (Hysun-33) exhibited 
8% higher N concentration than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the N 
concentration and plants treated with NK in combination had higher value (43.69 mg/g d. wt.) 
than those with no spray (40.74 mg/g d. wt.). 
The interactions among different factors such as water stress levels (W), treatments (T) 
and hybrids (H) were statistically significant (P<0.05). The sunflower hybrid Hysun-33 
maintained the higher value (50.33 mg/g d. wt.) for N concentration by supplemental foliar 
application of N+K (0.5% each) under control conditions than the plants of sunflower hybrid 
LG-5551 (36.41 mg/g d. wt.) under no foliar spray under water deficit (Fig. 4.36). 
4.3.21. Phosphorous (P) 
Analysis of variance for the data regarding phosphorous (P) concentration revealed that 
drought stress significantly (P<0.05) affected the P concentration in both sunflower hybrids 
(Table 4.8). The limited water supply to plants resulted 36% reduction in P concentration than to 
normal conditions. The plants given water stress at the reproductive stage had 9% more P 
concentration than plants exposed stress at vegetative stage. Drought tolerant sunflower hybrid 
(Hysun-33) exhibited 22% higher P concentration than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
P concentration in sunflower hybrid plants (Fig. 4.37). The plants treated with NK in 
combination had higher P contents (9.29 mg/g d. wt.) than those with no spray plants (7.30 mg/g 
d. wt.). 
The interactions among different factors such as water stress levels (W) growth stages 
(S), treatments (T) and hybrids (H) were statistically highly significant (P<0.05). The sunflower 
hybrid Hysun-33 maintained the higher value (12.83 mg/g d. wt.) for P concentration at 
reproductive stage in normally irrigated plants 
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Table 4.8: Mean square values from analysis of variance table for nitrogen, phosphorous, 
 and potassium of two sunflower hybrids under foliar applied nitrogen and 
 potassium subjected to water stress. 
 
*, **, = P<0.05 and 0.01 levels respectively   NS = Non significant 
 
 
 
 
 
 
 
 
 
SOV 
 
d.f 
Nitrogen  Phosphorous Potassium 
Water stress levels (W) 1 923.783** 240.901** 1360.68** 
Growth Stages (S) 1 66.701** 10.595** 21.12** 
NK treatments (T) 2 54.361** 24.217** 512.06** 
Hybrids (H) 1 201.670** 77.087** 153.12** 
W×S 1 13.261** 0.336NS 203.35** 
W×T 2 2.143** 0.144NS 39.06** 
W×H 1 41.557** 0.032NS 21.13** 
S×T 2 0.103NS 0.321* 2.67NS 
S×H 1 0.257NS 0.836** 3.12NS 
T×H 2 1.269** 3.406** 15.50** 
W×S×T 2 0.663NS 0.239NS 6.06* 
W×S×H 1 0.101NS 0.182NS 2.35NS 
W×T×H 2 2.019** 0.649** 2.17NS 
S×T×H 2 0.100NS 0.060NS 3.17NS 
W×S×T×H 2 0.494NS 0.571** 2.89NS 
Error 48 0.215 0.094 1.21 
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Fig.4.36. Achene nitrogen concentration of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
Fig.4.37. Achene phosphorous concentration of two sunflower hybrids effected supplementary 
foliar application of N and K under water stress imposed at different growth stages. 
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than sunflower hybrid LG-5551 plants (4.44 mg g-1 d. wt) for P concentration with no foliar 
spray at vegetative stage under water stress conditions (Fig. 4.37). 
4.3.22. Potassium (K) 
Analysis of variance for the data regarding potassium (K) concentration revealed that 
drought stress significantly (P<0.05) affected its concentration in both sunflower hybrids (Table 
4.8). The plants with limited water supply had 26% higher in K concentration with respect to 
normal conditions. The plants given water stress at the reproductive stage had 3% higher K 
concentration than plants exposed stress at vegetative stage. Drought tolerant sunflower hybrid 
(Hysun-33) had 8% higher K concentration than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
K concentration in both the hybrids (Fig. 4.38). The plants treated with NK in combination had 
higher K contents (43.29 mg/g d. wt.) than control (34.20 mg/g d. wt.). 
The interactions among different factors such as water stress (W) growth stages (S) and 
treatments (T) were statistically highly significant (P<0.05). Maximum value (51.50 mg/g d. wt.) 
of K concentration was recorded by supplemental foliar application of N+K (0.5% each) at 
reproductive stage in water deficit plants. However minimum value (30.50 mg/g d. wt.) of K 
concentration was observed by no spray at the same reproductive stage in normal plants (Fig. 
4.38). The interaction among water stress (W) growth stages (S), treatments (T) and hybrid (H) 
was statistically non-significant (P<0.05). 
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Fig.4.38. Achene potassium concentration of two sunflower hybrids effected supplementary foliar 
 application of N and K under water stress imposed at different growth stages. 
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4.3.23. Capitulum diameter 
Analysis of variance revealed highly significant effect (P<0.05) of drought stress on 
capitulum diameter in both sunflower hybrids (Table 4.9). The limited water conditions caused a 
significant decrease 13% in capitulum diameter in both hybrids as compared to normal 
conditions. Impositions of water stress at vegetative stage showed (55 cm) capitulum diameter 
that was (54 cm) at reproductive growth stage. It was observed that drought tolerant sunflower 
hybrid (Hysun-33) exhibited 22% higher capitulum diameter than sensitive sunflower hybrid 
(LG-5551).  
 Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
capitulum diameter giving maximum value (59.75 cm) whereas, no spray resulted in minimum 
value (49.04 cm) for this variable (Fig. 4.39). 
The interaction between water stress levels (W) and growth stages (S) was significant 
(P<0.05). The highest value (60.27 cm) of capitulun diameter was recorded in normal plants at 
vegetative stage. While the minimum value (48.94 cm) was observed in water stressed plants at 
same growth stage (Fig. 4.39). The interaction among water stress levels (W), Growth stages (S), 
treatments (T) and hybrids (H) was non-significant.     
4.3.24. Achene yield/plant 
Analysis of variance for data for achene yield showed highly significant effect (P<0.05) 
of drought stress in both sunflower hybrids (Table 4.9). The limited water conditions caused a 
significant decrease of 17% in achene yield of both sunflower hybrids as compared to normal 
conditions. The plants exposed to drought stress at reproductive stage gave 4% higher achene 
yield as compared to those stressed at vegetative stage. Drought tolerant sunflower hybrid 
(Hysun-33) exhibited 17% greater achene yield/plant than sensitive sunflower hybrid (LG-5551).  
 Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) improved the 
achene yield/plant (Fig. 4.40). The yield in plants foliarly applied with NK in combination (78.45 
g) was higher than those with no spray (67.91 g).  
 The interaction between water stress levels (W) and treatment (T) was also significant 
(P<0.05). Maximum achene yield (84.08 g) was recorded with supplemental foliar application of 
NK in normal plants. Whereas minimum value (60.33 g) was observed in water stressed plants 
with no spray (Fig.4.40). The interaction among water stress levels (W), Growth stages (S), 
treatments (T) and hybrids (H) was non-significant. 
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Table 4.9: Mean square values from analysis of variance table for capitulum diameter, 
 achene yield per plant, number of achene per capitulum and hundred achene weights 
 of two sunflower hybrids under foliar applied nitrogen and potassium subjected to 
 water stress. 
 
*, **, = P<0.05 and 0.01 levels respectively 
NS = Non significant 
 
 
 
 
 
SOV 
 
d.f 
Capitulum 
diameter 
Achene yield/ 
plant 
Number of 
achene 
/capitulum 
Hundred 
achene weight 
Water stress levels (W) 1 968.00** 3294.01** 149878** 14.9149** 
Growth Stages (S) 1 16.06** 165.01** 7503** 0.9135** 
NK treatments (T) 2 692.76** 667.76** 29100** 0.9968** 
Hybrids (H) 1 3120.50** 3514.01** 9271** 42.4888** 
W×S 1 288.00** 0.01NS 31NS 0.3213** 
W×T 2 38.79** 24.85** 721** 0.1174** 
W×H 1 14.22** 1.13NS 378* 0.0517** 
S×T 2 6.43* 1.35NS 25NS 0.0220** 
S×H 1 4.50 NS 7.35NS 703** 0.0005NS 
T×H 2 17.04** 96.18** 394* 0.0347** 
W×S×T 2 1.63NS 0.93NS 5NS 0.0041NS 
W×S×H 1 0.22NS 0.68NS 224NS 0.0074NS 
W×T×H 2 0.68NS 2.04NS 67NS 0.0069NS 
S×T×H 2 2.38NS 5.26NS 76NS 0.0020NS 
W×S×T×H 2 5.85NS 1.51NS 54NS 0.0042NS 
Error 48 1.83 2.72 78 0.0043 
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Fig.4.39. Capitulum diameter (cm) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
 
 
Fig.4.40. Achene yield/plant (g) of two sunflower hybrids effected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
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4.3.25. Number of achene/capitulum 
Number of achene/capitulum showed highly significant (P<0.05) effect of drought stress 
in both sunflower hybrids (Table 4.9). The limited water conditions caused a decrease of 12% in 
number of achene/capitulum in both sunflower hybrids as compared to normal conditions. The 
plants exposed to drought stress at reproductive stage gave 3% more number of 
achene/capitulum as compared to those water stressed at vegetative stage. Drought tolerant 
sunflower hybrid (Hysun-33) exhibited 3% greater number of achene/capitulum than sensitive 
sunflower hybrid (LG-5551).  
 Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) increased 
number of achene/capiyulum (Fig. 4.41). The plants foliarly applied with NK in combination had 
higher number of achene/capitulum (748) than those with no spray (679). 
 The interaction between water stress levels x treatment and growth stages x hybrids was 
also statistically highly significant (P<0.05). Maximum number of achene/capitulum (788) was 
recorded with supplemental foliar application of N and K in normal plants that was minimum 
(628) in water stressed plants at no spray. Sunflower hybrid Hysun-33 gave the highest (735) 
umber of achene/capitulm at reproductive stage, however, it was minimum (692) at vegetative 
stage in LG-5551 (Fig. 4.41). The interaction among water stress levels (W), Growth stages (S), 
treatments (T) and hybrids (H) was non-significant. 
4.3.26. Hundred achene weight (g) 
Analysis of variance for data for hundred achene weight revealed highly significant 
(P<0.05) effect of drought stress in both sunflower hybrids (Table 4.9). The limited water 
conditions caused a significant decrease of 8% in hundred achene weight in both sunflower 
hybrids as compared to normal conditions. Plants treated at reproductive stage had higher 
hundred achene weight (11.78 g) than those treated at vegetative stage (11.56 g). It was observed 
that drought tolerant sunflower hybrid (Hysun-33) exhibited 12% higher hundred achene weight 
than sensitive sunflower hybrid (LG-5551).  
 Supplemental foliar application of N+K (0.5% each) significantly improved the hundred 
achene weight (Fig.4.42). Hundred achene weight (11.88 g) recorded in plants foliarly applied 
with NK in combination was higher than observed in plants with no spray (11.47 g). 
 The interaction between growth stages × treatment and treatments × hybrids was 
statistically significant (P<0.05). Supplemental foliar application of N+K (0.5% each) gave 
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highest (11.98 g) hundred achene weight at reproductive stage than those plants at vegetative 
stage with no spray (11.32 g). Sunflower hybrid Hysun-33 gave maximum hundred achene 
weight (12.69 g) with foliar spray of N+K (0.5% each) that was less in sunflower hybrid LG-
5551 with no spray (10.74 g). The interaction among water stress levels (W), Growth stages (S), 
treatments (T) and hybrids (H) was non-significant (Table 4.9). 
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Fig.4.41. Number of achene/capitulum of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
 
 
Fig.4.42. Hundred achene weight (g) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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4.3.27. Biological yield/plant  
Analysis of variance for data for biological yield revealed highly significant (P<0.05) 
effect of drought stress in both sunflower hybrids (Table 4.10). The limited water conditions 
decreased 7% biological yield in both sunflower hybrids as compared to normal conditions. The 
plants exposed to drought stress at reproductive stage gave maximum (520.94 g) biological yield 
with respect to those water stressed at vegetative stage (512.19 g). It was observed that drought 
tolerant sunflower hybrid (Hysun-33) exhibited 8% greater biological yield than sensitive 
sunflower hybrid (LG-5551).  
 Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) enhanced the 
biological yield. The maximum biological yield (533.83 g) was recorded in plants foliarly 
applied with N+K (0.5% each) whereas, no spray resulted in minimum value (498.17 g) for this 
variable (Fig.4.43). 
The interaction among water stress levels (W), growth stages (S), treatments (T) and 
hybrids (H) was statistically significant (P<0.05). The sunflower hybrid Hysun-33 maintained 
the highest value (582.67 g) for biological yield by supplemental foliar application of N+K 
(0.5% each) at reproductive stage under control conditions. The water stressed plants of 
sunflower hybrid LG-5551 exhibited the lowest value (439.33 g) for biological yield with no 
spray at vegetative stage (Fig.4.43).    
4.3.28. Economic yield/plant 
Analysis of variance for data for economic yield showed highly significant (P<0.05) 
effect of drought stress in both sunflower hybrids (Table 4.10). Water deficit conditions caused a 
significant reduction of 16% in economic yield as compared to normal conditions. The plants 
exposed to drought stress at reproductive stage gave 5% more economic yield as compared to 
those water stressed at vegetative stage. It was observed that drought tolerant sunflower hybrid 
(Hysun-33) exhibited 9% higher economic yield than sensitive sunflower hybrid (LG-5551).  
 Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) showed an 
increment (170.67 g) in economic yield. However, the minimum value (155.33 g) was recorded 
with no spray for this variable (Fig.4.44). 
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Table 4.10.Mean square values from analysis of variance table for biological yield per 
 plant,  economic yield per plant and harvest index of two sunflower hybrids under 
 foliar  applied nitrogen and potassium subjected to water stress. 
 
 
 
 
 
 
 
 
 
 
 
SOV 
 
d.f 
Biological yield/ 
plant 
Economic yield/ 
plant 
Harvest index 
Water stress levels (W) 1 22791.1** 14140.0** 194.574** 
Growth Stages (S) 1 1378.1** 1431.1** 26.719** 
NK treatments (T) 2 7656.0** 1530.8** 9.633** 
Hybrids (H) 1 35600.0** 3770.0** 0.216NS 
W×S 1 1395.7** 39.0* 0.692NS 
W×T 2 57.0 NS 129.4** 6.863** 
W×H 1 253.1* 0.7NS 0.313NS 
S×T 2 94.8NS 9.4NS 1.678* 
S×H 1 11.7NS 17.0NS 0.643NS 
T×H 2 350.7** 79.4** 1.763* 
W×S×T 2 478.4** 6.3NS 0.705NS 
W×S×H 1 268.3* 51.7* 0.119NS 
W×T×H 2 33.0NS 3.2NS 0.193NS 
S×T×H 2 126.0NS 8.8NS 1.541NS 
W×S×T×H 2 156.4* 2.9NS 0.253NS 
Error 48 40.3 9.4 0.494 
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Fig.4.43. Biological yield/plant (g) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
 
Fig.4.44. Economic yield/plant (g) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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The interaction between water stress levels x growth stages and water stress levels x 
treatments was statistically significant (P<0.05). Maximum economic yield (179.44 g) was 
recorded at reproductive stage in control plants. However under water stress conditions 
minimum economic yield (142.50 g) was observed at vegetative stage. Supplemental foliar 
application of N+K (0.5% each) gave the highest value (182.0 g) of economic yield in controls 
plants that was minimum (139.92 g) in water stressed plants with no spray. The interaction 
among water stress levels (W), Growth stages (S), treatments (T) and hybrids (H) was non-
significant (Table 4.10). 
4.3.29. Harvest index (%) 
Analysis of variance for data for harvest index showed highly significant (P<0.05) effect 
of drought stress in both sunflower hybrids (Table 4.10). The water stress onditions caused a 
significant decreased of 10% in harvest index in both sunflower hybrids with respect to normal 
conditions. The plants given stress at reproductive stage gave 4% more harvest index as 
compared to those water stressed at vegetative stage. It was observed that non-significant 
difference was observed regarding harvest index in both sunflower hybrids. 
Foliar application of N+K (0.5% each) significantly (P<0.05) improved the drought 
tolerance potential of both sunflower hybrids through improvement in harvest index. The 
maximum harvest index (31.92%) was recorded in plants foliarly applied with N+ K (0.5% each) 
whereas; no spray resulted in minimum value (30.68%) for this variable (Fig.4.45). 
 The interaction between water stress levels X treatments and growth stages X 
treatments was also statistically significant (P<0.05). Maximum value (33.00%) of harvest index 
was recorded with no spray in control plants that was minimum with water spray under water 
stress conditions. Supplemental foliar application of N+K (0.5% each) gave the highest value 
(32.24%) of harvest index at reproductive stage. Whereas water spray gave the lowest value 
(29.99%) of harvest index at vegetative stage. The interaction among water stress levels (W), 
growth stages (S), treatments (T) and hybrids (H) was non-significant (Table 4.10). 
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Fig.4.45. Harvest index (%) of two sunflower hybrids effected supplementary foliar application of 
 N and K under water stress imposed at different growth stages.
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4.3.30. Achene oil (%) 
Analysis of variance for data for achene oil percentage revealed highly significantly 
(P>0.05) difference among water deficit treatments in both sunflower hybrids (Table 4.11). The 
limited water supply had 9% less achene oil (%) with respect to normal conditions. The plants 
exposed to water stress at the reproductive stage had 3% more achene oil contents than plants 
given water stress at vegetative stage. It was observed that drought tolerant sunflower hybrid 
(Hysun-33) exhibited 14% higher oil contents than sensitive sunflower hybrid (LG-5551).  
Foliar application of N+K (0.5% each) significantly (P>0.05) improved the achene oil 
contents. The maximum value (45.58 %) for oil contents was recorded in plants foliarly applied 
with NK in combination whereas, no spray resulted in minimum value (39.66 %) for this 
variable (Fig. 4.46). 
The interactions among different factors such as water stress levels (W), treatments (T) and 
hybrids (H) were statistically significant (P<0.05). The sunflower hybrid Hysun-33 maintained 
higher value (51.05 %) for achene oil contents by supplemental foliar application of N+K (0.5% 
each) in normally irrigated plants than the sunflower hybrid LG-5551 (33.85 %) for achene oil 
contents with no spray under water stress conditions (Fig. 4.46). The interaction among water 
stress (W) growth stages (S), treatments (T) and hybrid (H) was statistically non-significant 
(P<0.05). 
4.3.31. Achene protein contents (%) 
Analysis of variance for data for achene protein contents revealed highly significantly 
(P<0.05) difference among water deficit treatments in both sunflower hybrids (Table 4.11). The 
limited water supply had 13% less achene protein contents with respect to normal conditions. 
The plants exposed to water stress at the reproductive stage had 5% more achene protein 
contents than plants given water stress at vegetative stage. It was observed that drought tolerant 
sunflower hybrid (Hysun-33) exhibited 10% higher achene protein contents than sensitive 
sunflower hybrid (LG-5551).  
Foliar application of N+K (0.5% each) significantly (P<0.05) improved the achene 
protein contents. The maximum value (28 %) for achene protein contents was recorded in plants 
foliarly applied with NK in combination whereas, no spray resulted in minimum value (25 %) for 
this variable (Fig. 4.47). 
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The interactions among different factors such as water stress levels (W), growth stages 
(G), treatments (T) and hybrids (H) were statistically significant (P<0.05). The sunflower hybrid 
Hysun-33 maintained higher value (31 %) for achene protein contents by supplemental foliar 
application of N+K (0.5% each) in normally irrigated at reproductive stage. While the sunflower 
hybrid LG-5551 showed minimum value (21 %) for achene protein contents with no spray in 
plants given stress at vegetative stage (Fig. 4.47). 
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Table 4.11: Mean square values from analysis of variance table for achene oil (%) and 
 achene protein (%) of two sunflower hybrids under foliar applied nitrogen and 
 potassium subjected to water stress. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*, **, = P<0.05 and 0.01 levels respectively    NS = Non significant 
 
 
 
 
 
 
 
 
 
 
SOV 
 
d.f 
Achene oil (%) Achene protein 
(%) 
Water stress levels (W) 1 343.657** 241.92** 
Growth Stages (S) 1 21.017** 30.426** 
NK treatments (T) 2 210.600** 44.563** 
Hybrids (H) 1 795.340** 131.073** 
W×S 1 6.907** 0.439NS 
W×T 2 4.213** 8.197** 
W×H 1 4.651** 2.952** 
S×T 2 0.013NS 0.323NS 
S×H 1 1.051NS 1.124* 
T×H 2 3.337** 5.186** 
W×S×T 2 0.288NS 0.676* 
W×S×H 1 0.190NS 0.380NS 
W×T×H 2 1.531* 4.204** 
S×T×H 2 0.145NS 1.691** 
W×S×T×H 2 0.046NS 1.465** 
Error 48 0.364 0.206 
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Fig.4.46. Achene oil contents (%) of two sunflower hybrids affected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
Fig.4.47. Crude protein contents (%) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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4.4. Effect of foliar application of nitrogen and potassium (optimum dose) on 
developmental characteristics and yield and yield components of 
sunflower under drought (Field Experiments). 
 
4.4.1. Field Experiment-1      
This field experiment was conducted to determine the effect of foliar application of nitrogen and 
potassium (optimum dose) at vegetative and reproductive stages on developmental characteristic 
and yield and yield components of sunflower under water stress imposed at different growth 
stages. The results of this experiment are presented in this section: 
 
4.4.1.1. Plant height (cm) 
Water deficit at vegetative and reproductive growth stages had significant (P<0.05) effect 
on plant height in both sunflower hybrids (Table 4.12). Drought stress at vegetative stage 
resulted 5% reduction in plant height with respect to the plants exposed to water stress at 
reproductive stage.  Plants with maximum height (148 cm) were observed under normal 
irrigation. It was observed that drought tolerant sunflower hybrid (Hysun-33) exhibited 17% 
greater plant height than sensitive sunflower hybrid (LG-5551).  
Foliar application of N+K (0.5% each) significantly (P<0.05) improved the plant height 
of both sunflower hybrids and maximum value (148 cm) was recorded in plants foliarly sprayed 
with N+K (0.5% each) whereas, plats no spray had the lowest value (133 cm) for this variable. 
An increase of 4% in plant height was observed in plants sprayed with water as compared to no 
spray (Fig.4.48). 
The interaction among water stress levels (W), treatments (T) and sunflower hybrids (H) 
was significant (P<0.05). The normally irrigated plants of sunflower hybrid Hysun-33 sprayed 
with N+K (0.5% each) gave the highest value (166 cm) for plant height which  was minimum 
(109 cm) in plants of LG-5551 given water stress at vegetative stage.  
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Fig.4.48. Plant height (cm) of two sunflower hybrids effected supplementary foliar application of N 
and K under water stress imposed at different growth stages. 
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4.4.1.2. Shoot fresh biomass or weight 
Drought at vegetative and reproductive growth stages significantly (P<0.05) reduced the 
shoot fresh biomass in both sunflower hybrids (Table 4.12). Plats exposed to water deficit at 
reproductive stage had higher shoot fresh biomass (1379 g) than those stressed at vegetative 
stage (1318 g).  Maximum shoot fresh biomass (1479 g) was recorded in normally irrigated 
plants. Drought tolerant sunflower hybrid (Hysun-33) exhibited 17% higher shoot fresh biomass 
than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) increased 
(1493 g) the shoot fresh biomass and it was the lowest (1317 g) in plats with no spray. An 
increase of 4% in shoot fresh biomass was also observed in plants sprayed with water as 
compared to those with no spray (Fig.4.49). 
The interaction between treatments (T) and sunflower hybrids (H) was found to be 
statistically significant (P<0.05). Sunflower hybrid Hysun-33 had higher shoot fresh biomass 
(1636 g) when sprayed with N+K (0.5% each) than plants of LG-5551 (1198 g) with no spray. 
Similarly the interaction between water stress levels (W) and treatments (T) was also significant. 
Plants supplemented as a foliar application with N+K (0.5% each) under control conditions had 
higher shoot fresh biomass (1556 g) than those stressed at vegetative stage and not supplemented 
with anything (1220 g). However interaction among water stress levels (W), treatment (T) and 
hybrids (H) was non-significant (Table 4.12). 
4.4.1.3. Shoot dry biomass or weight 
Water deficit at vegetative and reproductive growth stages significantly (P<0.05) reduced 
the shoot dry matter in both sunflower hybrids (Table 4.12). It was observed that plants exposed 
to water stress at reproductive stage produced higher (326 g) shoot dry biomass than those 
stressed at vegetative stage (294.39 g). Maximum shoot dry biomass (389 g) was recorded in 
normally irrigated plants. It was observed that drought tolerant sunflower hybrid (Hysun-33) 
exhibited 26% higher shoot dry biomass than sensitive sunflower hybrid (LG-5551).  
Foliar spray of N+K (0.5% each) significantly (P<0.05) improved the drought tolerance 
potential of both sunflower hybrids. The maximum value (381 g) for shoot dry biomass was 
recorded in plants foliarly sprayed with N+K (0.5% each). However plants with no spray had the 
lowest value (305 g) for this variable. An increase of 6% in shoot dry biomass was also observed 
in plants sprayed with water as compared to those with no spray (Fig.4.50). 
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Table 4.12: Mean square values from analysis of variance table for shoot fresh weight, 
 shoot dry weight, leaf area per plant, specific leaf area and plant height of two 
 sunflower hybrids under foliar  applied nitrogen and potassium subjected to 
 water stress. 
 
S.O.V d.f Shoot Fresh 
Weight 
Shoot Dry 
Weight 
Leaf Area 
Per Plant 
Specific 
Leaf Area 
Plant 
Height 
Treatments (T) 2 147166** 28348** 4155087** 31814.4** 964.24** 
Water stress levels 
(W) 
2 117888** 42213** 2158531** 79717.0** 1124.96*
* 
Hybrids (H) 1 952017** 140250** 2.218E+07** 42392.0** 8816.67*
* 
T × W 4 3438** 184** 26052.4** 272.2** 18.24** 
T × H 2 2659** 3603** 99461.6** 394.2** 49.39** 
S × H 2 1489** 1291** 38384.7** 1852.7** 20.22* 
T × W × H 4 243 NS 29NS 5114.31NS 224.8* 22.61** 
Error` 36 135 54 4606.83 62.3 4.87 
*, ** = Significant at0.01, 0.05 probability level 
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Fig.4.49. Shoot fresh weight (g) of two sunflower hybrids effected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
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Fig.4.50. Shoot dry weight (g) of two sunflower hybrids effected supplementary foliar application of 
N and K under water stress imposed at different growth stages. 
The interaction between treatments (T) and sunflower hybrids (H) was statistically 
significant (P<0.05). It was observed that plants of sunflower hybrid Hysun-33 sprayed of N+K 
(0.55 each) gave the higher (448 g) shoot dry biomass than   those of LG-5551 with no spray 
(263 g). Similarly the interaction between water stress levels (W) and treatments (T) was also 
statistically significant. An increment  in shoot dry matter was observed with supplemental 
Plants with N+K (0.55 each) foliar application in control conditions had higher (428 g) shoot dry 
biomass all others however, minimum value (259 g) for this variable was recorded in plants 
stressed at vegetative stage with no spray. However interaction among water stress levels (W), 
treatment (T) and hybrids (H) was non-significant (Table 4.12). 
 
4.4.1.4. Leaf area per plant 
Water deficit at vegetative and reproductive growth stages significantly (P<0.05) reduced 
the leaf area/plant in both sunflower hybrids (Table 4.12). It was detected that water stress at 
reproductive stage had higher (5650 cm2) leaf area/plant than those stressed at vegetative stage 
(5443 cm2). Maximum leaf area/plant (6119 cm2) was recorded in normally irrigated plants. It 
was observed that drought tolerant sunflower hybrid (Hysun-33) exhibited 20% greater leaf 
area/plant than sensitive sunflower hybrid (LG-5551).  
Foliar application of N+K (0.5% each) significantly (P<0.05) improved leaf area of both 
the sunflower hybrids. The maximum value (6256 cm2) for leaf area/plant was recorded in plants 
foliarly sprayed with N+K (0.5% each), whereas plants with no spray had the lowest value 
(5306.8 cm2) for this variable (Fig.4.51). 
The interaction between treatments (T) and sunflower hybrids (H) was found to be 
statistically highly significant (P<0.05). It was revealed that sunflower hybrid Hysun-33 with 
foliar spray of N+K (0.5% each) gave the highest value (6960 cm2) for leaf area/plant and 
minimum (4748 cm2) in LG-5551 plants with no spray. Similarly the interaction between water 
stress levels (W) and treatments (T) was also significant. Plants sprayed with N+K (0.5% each) 
in control condition had the highest leaf area/plant (6575 cm2) whereas plants stressed at 
vegetative stage with no spray the lowest (5011cm2) value for this variable. However interaction 
among water stress levels (W), treatment (T) and hybrids (H) was non-significant (Table 4.12). 
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4.4.1.5. Specific leaf area 
Water deficit at vegetative and reproductive growth stages had significant (P<0.05) 
effects on specific leaf area in both sunflower hybrids (Table 4.12). It was observed that water 
stress at vegetative stage caused a decreased of 5% in specific leaf area with respect to the plants 
exposed to water stress at reproductive stage. Maximum value for specific leaf area (631) was 
recorded in normally irrigated plants. It was observed that drought tolerant sunflower hybrid 
(Hysun-33) exhibited 10% higher specific leaf area than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) affected the 
specific leaf area. Highest value (602) for specific leaf area was recorded in plants foliarly 
sprayed with N+K (0.5% each). However, plants with no spray had the lowest value (519) for 
this variable. An increase of 5% in specific leaf area was also observed in plants sprayed with 
water as compared to no spray (Fig 4.52). 
The interaction among water stress levels (W), treatments (T) and sunflower hybrids (H) 
was found to be statistically significant (P<0.05). The normally irrigated plants of sunflower 
hybrid Hysun-33 foliarly sprayed with N+K (0.5% each) had the highest value (684) of specific 
leaf area and the minimum value (417) was recorded in the plants of LG-5551 given water stress 
at vegetative stage for this variable. 
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Fig.4.51. Leaf area/plant (cm2) of two sunflower hybrids affected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
 
 
 
Fig.4.52. Specific leaf area (cm2) of two sunflower hybrids affected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
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4.4.1.6.  Capitulum diameter (cm) 
Analysis of variance for the data regarding capitulum diameter revealed that water deficit 
at vegetative or reproductive growth stage significantly (P<0.05) affected it in both sunflower 
hybrids (Table 4.13). Drought stress at vegetative stage caused a decrease of 4% in capitulum 
diameter with respect to the plants exposed to water stress at reproductive stage. Sunflower 
hybrids Hysun-33 (best performer) exhibited higher capitulum diameter (52 cm) than (Poor 
performer) LG-5551 (44 cm). 
The supplemental foliar application N+K (0.5% each) was found to be highly effective in 
elevating the adverse effects of drought stress and improved capitulum diameter up 56 cm while 
plants under no spray maintained the lowest value (43 cm) for this variable. A significant 
(P<0.05) increase (9%) in capitulum diameter was also observed in plants sprayed with water as 
compared to no spray (Fig.4.53). 
The interaction among water stress levels (W) and treatments (T) was statistically significant 
(P<0.05). The maximum value (60 cm) for capitulum diameter was recorded in normal plants 
with foliar spray of N+K (0.5% each) whereas water stress at vegetative stage gave minimum 
value (38 cm) for this variable under no spray (Fig.4.53).  
 
4.4.1.7. Achene yield per plant 
Drought stress significantly (P<0.05) affected the achene yield in both sunflower hybrids 
(Table 4.13). It was observed that drought stress at vegetative stage caused a decrease of 11% in 
achene yield with respect to the plants exposed to water stress at reproductive stage. Sunflower 
hybrids Hysun-33 exhibited higher achene yield (65 g) than LG-5551 (52 g). 
Foliar spray of N+K (0.5% each) was found to be highly effective in improving the 
achene yield of sunflower. The highest value (65.50 g) for achene yield was recorded in plants 
foliarly sprayed with N+K (0.5% each) whereas plants with no spray had the lowest value (52 g) 
for this variable (Fig.4.54).  
The interaction among water stress levels (W), treatments (T) and sunflower hybrids (H) 
was found to be significant (P<0.05). The The normal plants of Hysun-33 sprayed foliarly with 
N+K (0.5% each) showed the highest (77 g) achene yield/plant, while the lowest value (40 g) 
was observed with no spray in LG-5551 given stress at vegetative stage (Fig.4.54).     
 
142 
 
Table 4.13: Mean square values from analysis of variance table for capitulum diameter, 
 achene yield per plant, number of achene/capitulum and hundred achene weights of 
 two sunflower hybrids under foliar applied nitrogen and potassium subjected to 
 water stress. 
S.O.V d.f. Capitulum 
diameter 
Achene yield/ 
plant 
Number of achene 
/capitulum 
Hundred achene 
weight 
Treatments (T) 2 867.796** 813.50** 95563.5** 0.23250** 
Water tress levels 
(W) 
2 457.185** 590.89** 36900.5** 2.50425** 
Hybrids (H) 1 864.000** 2426.74** 41002.7** 9.12667** 
T × W 4 14.519** 4.39* 891.8**  0.03967** 
T × H 2 30.500** 0.02NS 253.7* 0.00762NS 
S × H 2 9.556** 8.30**  612.4** 0.28911** 
T × W × H 4 0.889NS 5.57*  280.8** 0.02936** 
Error` 36 2.148 1.50 59.7 0.00315 
*, ** = Significant at 0.01, 0.05 probability level 
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Fig.4.53.Capitulum diameter (cm) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
Fig.4.54. Achene yield/plant (g) of two sunflower hybrids effected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
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4.4.1.8. Number of achene/capitulum 
Water stress significantly (P<0.05) reduced the number of achene/capitulum in both 
sunflower hybrids (Table 4.13). Water deficit at vegetative stage caused 5% reduction in number 
of achene/capitulum with respect to the plants exposed to water stress at reproductive stage. 
Sunflower hybrid Hysun-33 showed higher number of achene/capitulum (755) than LG-5551 
(700). 
The supplemental foliar spray of N+K (0.5% each) significantly increased the number of 
achene/capitulum in both sunflower hybrids. The highest value (810) was observed in plants 
foliarly sprayed with supplemental N+K (0.5% each) while the lowest value (671) was with no 
spray for this variable. A significant increase (4%) in number of achene/capitulum was also 
observed in plants sprayed with water as compared to plants with no spray (Fig.4.55). 
The interaction among water stress levels (W), treatments (T) and sunflower hybrids (H) 
was statistically highly significant (P<0.05). The normal plants of Hysun-33 sprayed with N+K 
(0.5% each) maintained the highest value (878) whereas, the plants of LG-5551, given water 
stress at vegetative stage exhibited the lowest value (596) for this variable. 
4.4.1.9. Hundred achene weight 
Water deficit conditions at vegetative and reproductive growth stages had significant 
(P<0.05) effect on 100- achene weight in both sunflower hybrids (Table 4.13). It was revealed 
that water stress at vegetative stage caused 4% reduction in hundred achene weight with respect 
to the plants exposed to water stress at reproductive stage. It was observed that drought tolerant 
sunflower hybrid (Hysun-33) showed 7% higher hundred achene weight than sensitive sunflower 
hybrid (LG-5551).  
 Foliar application of N+K (0.5% each) significantly (P<0.05) enhanced the drought 
tolerance potential of both sunflower hybrids through enhancement in hundred achene weight. 
The maximum hundred achene weight (11.4 g) was recorded in plants foliarly sprayed with N+K 
(0.5% each) and the minimum (11.2 g) in plants with no spray (Fig.4.56). 
The interaction among water stress levels (W), treatments (T) and sunflower hybrids (H) 
was found to be statistically significant (P<0.05). The normal plants of Hysun-33 foliarly 
sprayed with N+K (0.5% each) showed the highest (12.2 g) hundred achene weight whereas, the 
plants of LG-5551 given water stressed at vegetative stage, exhibited the lowest value (10.1 g) 
for this variable. 
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Fig.4.55. Number of achene/capitulumof two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
 
Fig.4.56. Hundred achene weight (g) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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4.4.1.10. Biological yield per plant  
Drought stress at vegetative and reproductive growth stages have significant (P<0.05) 
effect on biological yield in both sunflower hybrids (Table 4.14). It was observed that water 
deficit conditions at vegetative stage caused 6% reduction in biological yield as compared to the 
plants exposed to water stress at reproductive stage. Drought tolerant sunflower hybrid (Hysun-
33) exhibited 10% higher biological yield than sensitive sunflower hybrid (LG-5551).  
Supplemental foliar spray of N+K (0.5% each) significantly (P<0.05) increased (512 g) 
biological yield and the lowest value (428 g) was observed in plants with no spray for this 
variable. A significant increase (5%) in biological yield/plant was also observed in plants 
sprayed with water as compared to those with no spray (Fig.4.57). 
 The interaction among water stress levels (W), treatments (T) and sunflower hybrids 
(H) was significant (P<0.05). The plants with normal irrigation of sunflower hybrid Hysun-33 
and sprayed with N+K (0.5% each) maintained the highest biological yield (557 g) and the 
minimum (385 g) was recorded in plants of LG-5551 given water stress at vegetative stage 
(Fig.4.57). 
4.4.1.11. Economic yield per plant   
Water deficit at vegetative and reproductive growth stages significantly (P<0.05) reduced 
the economic yield in both sunflower hybrids (Table 4.14). Water stress at vegetative stage 
caused 9% reduction in economic yield with respect to the plants exposed to water stress at 
reproductive stage. Maximum economic yield/plant (162 g) was recorded in normally irrigated 
plants.  Comparison between sunflower hybrids indicated that drought tolerant sunflower hybrid 
(Hysun-33) showed 11% higher economic yield than sensitive sunflower hybrid (LG-5551).  
 Supplemental foliar application of N+K (0.5% each) significantly (P<0.05) 
improved (167 g) the economic yield that was lowest (134 g) in plats with no spray. A significant 
increase (7%) in economic yield/plant was also observed in plants sprayed with water as 
compared to those with no spray (Fig.4.58).  
The interaction between treatments (T) and sunflower hybrids (H) was found to be 
statistically significant (P<0.05). It was observed that sunflower hybrid Hysun-33 gave higher 
(180 g) economical yield with foliar spray of N+K (0.5% each) and the minimum (130 g) in LG-
5551 plants with no spray. Similarly the interaction between water stress levels (W) and hybrids  
 
147 
 
Table 4.14: Mean square values from analysis of variance table for biological yield per 
 plant,  economic per plant and harvest index of two sunflower hybrids under foliar 
 applied nitrogen and potassium subjected to water stress. 
S.O.V d.f. Biological 
yield/ plant 
Economic yield/ 
plant 
Harvest index 
Treatments (T) 2 34462.2** 5087.24** 0.00081** 
Water stress 
levels (W) 
2 14679.4** 3472.69** 0.00188** 
Hybrids (H) 1 29446.7** 4160.67** 0.00049** 
T × W 4 659.2** 20.52*  0.00005NS 
T × H 2 2764.6** 427.39**  0.00008NS  
S × H 2 268.1* 139.39** 0.00020** 
T × W × H 4 480.2** 10.61NS 0.00013* 
Error` 36 72.4 7.85 0.00004 
*, ** = Significant at 0.01, 0.05 probability level 
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Fig.4.57. Biological yield/plant (g) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
Fig.4.58. Economic yield/plant (g) of two sunflower hybrids effected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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was also significant. However interaction among water stress levels (W), treatment (T) and 
hybrids (H) was non-significant (P<0.05). 
 
4.4.1.12. Harvest index (%) 
Drought stress significantly (P<0.05) reduced the harvest index in both sunflower hybrids 
(Table 4.14). It was demonstrated that imposition of water stress at vegetative stage caused a 
decrease of 4% in harvest index regarding the plants exposed to water stress at reproductive 
stage. The plants maintained the maximum (33%) harvest index under normal condition. 
Sunflower hybrids Hysun-33 exhibited higher harvest index (32.25%) than LG-5551 (31.64%). 
Foliar spray of N+K (0.5% each)) was found to be highly effective in improving the 
harvest index of both sunflower hybrids. The highest value (33%) was recorded in plants foliarly 
sprayed with N+K (0.5% each) whereas, plants with no spray showed the lowest value (31.32%) 
for this variable (Fig.4.59).  
The interaction among water stress levels (W), treatments (T) and sunflower hybrids (H) 
was significant (P<0.05). The normal plants of Hysun-33 sprayed with N+K (0.5% each) 
maintained higher value (35%) harvest index however, the lowest harvest index (30%) was  
recorded in plants of same sunflower hybrid given stress at vegetative stage.  
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Fig.4.59. Harvest index (%) of two sunflower hybrids effected supplementary foliar application of 
N and K under water stress imposed at different growth stages. 
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4.4.2. Field Experiment 2  
       This field the experiment was conducted to determine the effect of foliar application of 
nitrogen and potassium (optimum dose) at reproductive stage (optimum time of foliar 
application) on developmental characteristic and yield and yield components of sunflower are 
presented in this section:    
4.4.2.1. Plant height (cm) 
Highly significant (P>0.05) difference was observed between normal and water deficit 
plants of both sunflower hybrids with respect to plant height (Table 4.15). Water stress at 
reproductive stage decreased plant height 8% with respect to normal irrigated plants. Drought 
tolerant sunflower hybrid Hysen-33 had 8% greater value for plant height than drought sensitive 
LG-5551. 
Supplementary foliar application of N+K (0.5% each) significantly (P>0.05) minimized 
the adverse effects of water deficit on plant height giving the highest value (162 cm) and the 
minimum value (146 cm) was recorded with no spray (Fig.4.60).  
Interactions between W × T and W × H were found to be significant. Highest value (166 
cm) of plant height was recorded with foliar application of N+K (0.5% each) in normal plants 
that was minimum (138 cm) under water stress with no spray. Similarly it was observed that 
sunflower hybrid Hysun-33 exhibited maximum plant height (163 cm) in normal plants. While 
the lowest value (140 cm) was observed in water stressed plants of LG-5551 for this variable. 
However interaction among water stress levels (W), treatments (T) and hybrids (H) was non-
significant (Table. 4.15). 
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Fig.4.60. Plant height (cm) of two sunflower hybrids affected supplementary foliar application of N 
and K under water stress imposed at different growth stages. 
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4.4.2.2. Shoot fresh weight or biomass (g) 
Water deficit had highly significant (P>0.01) effects on shoot fresh weight in both 
sunflower hybrids (Table 4.15). Imposition of water stress at reproductive stage caused 19% 
decrease in shoot fresh weight with respect to control once. Drought tolerant sunflower hybrid 
Hysen-33 exhibited 8% greater shoot fresh weight then drought sensitive LG-5551. 
 Foliar spray of N+K (0.5% each) significantly increased shoot fresh weight (1614 g) that 
was minimum (1411 g) with no spray (Fig. 4.61). 
Interaction between W × T and T × H was significant. Maximum shoot fresh weight 
(1747 g) was exhibited with foliar spray of N+K (0.5% each) in normal plants and it was 
minimum (1237 g) under water stress with no spray. It was observed that sunflower hybrid 
Hysun-33 showed the highest value (1699 g) with foliar application of N+K (0.5% each) for this 
variable. While the lowest value of shoot fresh weight (1375 g) was observed in plants of LG-
5551 with no spray. However interaction among water stress levels (W), treatments (T) and 
hybrids (H) was non-significant (Table. 4.15). 
4.4.2.3. Shoot dry weight or biomass 
Highly significant (P>0.05) difference was observed between normal and water deficit 
plants of both sunflower hybrids with respect to shoot dry weight (Table 4.15). Water stress at 
reproductive stage decreased shoot dry weight 26% regarding to normal irrigated plants. Drought 
tolerant sunflower hybrid Hysen-33 showed 8% greater value for shoot dry weight than drought 
sensitive LG-5551. 
Supplementary foliar application of N+K (0.5% each) significantly (P>0.05) minimized 
the adverse effects of water deficit on shoot dry weight giving the highest value (468 g) and the 
minimum value (401 g) was recorded with no spray (Fig.4.62).  
Interaction between W × T was significant. Highest value (521 g) of shoot dry weight 
was recorded with foliar application of N+K (0.5% each) in normal plants that was minimum 
(325 g) under water stress with no spray. Interaction among water stress levels (W), treatments 
(T) and hybrids (H) was non-significant (Table. 4.15). 
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Table 4.15: Mean square values from analysis of variance table for shoot fresh weight, 
 shoot dry weight, leaf area plant-1 , specific leaf area and plant height of two 
 sunflower hybrids under foliar applied nitrogen and potassium subjected to water 
 stress. 
S.O.V d.f Shoot Fresh 
Weight 
Shoot Dry 
Weight 
Leaf Area 
Per Plant 
Specific 
Leaf Area 
Plant 
Height 
Treatments (T) 2 123699** 13539** 1014137** 47440.0** 864.08** 
Water stress levels 
(W) 
1 895231** 155630** 4004668** 71022.3** 1236.69** 
Hybrids (H) 1 160133** 10643** 2.206E+07** 39933.4** 1144.69** 
T × W 2 5810** 1622* 89939.1** 878.6** 35.19** 
T × H 2 8305** 494NS 26544.0** 1267.4** 4.69NS 
W× H 1 1534NS 295NS 53130.2** 6534.0** 34.03** 
T × W × H 2 6NS 83NS 3379.00NS 43.7NS 0.36NS 
Error` 24 778 318 2589.42 78.5 4.11 
*, ** = Significant at 0.01, 0.05 probability level 
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Fig.4.61. Shoot fresh weight (g) of two sunflower hybrids affected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
 
 
 
Fig.4.62. Shoot dry weight (g) of two sunflower hybrids affected supplementary foliar application of 
N and K under water stress imposed at different growth stages. 
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4.4.2.4. Leaf area plant-1   
  Analysis of variance for the data for leaf area plant-1 indicated significant (P>0.05) 
difference between water stress and normally irrigated plants of both sunflower hybrids (Table 
4.15). The inhibitory effects of water deficit at reproductive were more pronounced on leaf area 
plant-1 caused 10% reduction as compared to well watered plants. Drought tolerant sunflower 
hybrid Hysen-33 had 23% higher value for leaf area plant-1 than drought sensitive LG-5551.  
Foliar spray of N+K (0.5% each) significantly (P>0.05) minimized the adverse effects of 
drought and gave the highest value (6387 cm2) and the minimum value (5808 cm2) was recorded 
with no spray for this variable (Fig.4.63). 
Interactions between W × T and T × H and W × H were highly significant. The highest 
value (6621 cm2) of leaf area plant-1 was exhibited with foliar spray of N+K (0.5% each) in 
normal plants that was minimum (5416 cm2) in water stressed plants with no spray. It was 
revealed that sunflower hybrid Hysun-33 showed the highest value (7192 cm2) with foliar spray 
of N+K (0.5% each). While the minimum value (5079 cm2) was observed in plants of LG-5551 
with no spray for this variable. However, interaction among water stress levels (W), treatments 
(T) and hybrids (H) was non-significant (Table. 4.15). 
4.4.2.5. Specific leaf area  
Highly significant (P>0.05) difference was observed between normal and water deficit 
plants of both sunflower hybrids with respect to specific leaf area (Table 4.15). Water stress at 
reproductive stage decreased specific leaf area 14% with respect to normal once. Drought 
tolerant sunflower hybrid Hysen-33 had 10% greater value for specific leaf area than drought 
sensitive LG-5551. 
Supplementary foliar application of N+K (0.5% each) significantly (P>0.05) minimized 
the adverse effects of water deficit on specific leaf area giving the highest value (677) and the 
minimum value (552) was recorded with no spray (Fig.4.64).  
 Interactions between W × T and T × H and W × H and were found to be significant. 
Highest value (712) of specific leaf area was recorded with foliar application of N+K (0.5% 
each) in normal plants that was minimum (499) water stressed plants with no spray. Similarly it 
was observed that sunflower hybrid Hysun-33 exhibited highest value (675) of specific leaf area 
in normal plants. While the lowest value (519) was observed in water stressed plants of LG-5551  
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Fig.4.63. Leaf area plant
-1
 (cm
2
) of two sunflower hybrids affected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
 
 
Fig.4.64. Specific leaf area of two sunflower hybrids affected supplementary foliar application of N 
and K under water stress imposed at different growth stages. 
0
1000
2000
3000
4000
5000
6000
7000
8000
NS WS 0.5%NK NS WS 0.5%NK
Normally irrigated Reproductive stage
Le
af
 a
re
a 
p
la
n
t-
1
(c
m
2 )
Hysun-33 LG-5551
0
100
200
300
400
500
600
700
800
NS WS 0.5%NK NS WS 0.5%NK
Normally irrigated Reproductive stage
Sp
ec
if
ic
 le
af
 a
re
a 
Hysun-33 LG-5551
158 
 
for this variable. However interaction among water stress levels (W), treatments (T) and hybrids 
(H) was non-significant (Table. 4.15). 
4.4.2.6. Capitulum diameter (cm) 
Highly significant (P>0.05) difference was observed between normal and water deficit 
plants of both sunflower hybrids with respect to capitulum diameter (Table 4.16). Water stress at 
reproductive stage decreased capitulum diameter 18% with respect to normal irrigated plants. 
Drought tolerant sunflower hybrid Hysen-33 had 28% greater value for capitulum diametr than 
drought sensitive LG-5551. 
Supplementary foliar application of N+K (0.5% each) significantly (P>0.05) minimized 
the adverse effects of water deficit giving the highest value (52 cm) and the minimum value (42 
cm) was recorded with no spray (Fig 4.65).  
Interactions between W × T, T × H and W × H were found to be significant. Highest 
value (55 cm) of capitulum diameter was recorded with foliar application of N+K (0.5% each) in 
normal plants that was minimum (37 cm) under water stress with no spray. Similarly it was 
observed that sunflower hybrid Hysun-33 exhibited greater value (58 cm) in normal plants. 
While the lowest value (34 cm) was observed in water stressed plants of LG-5551 for this 
variable. However interaction among water stress levels (W), treatments (T) and hybrids (H) was 
non-significant (Table. 4.16). 
4.4.2.7. Achene yield per plant  
Analysis of variance for the data for achene yield revealed highly significant (P>0.05) 
effects of water stress in both sunflower hybrids (Table 4.16). Water deficit at reproductive stage 
caused 20% reduction in achene yield as compared to normal irrigated plants. Drought tolerant 
sunflower hybrid (best performer) Hysen-33 had 18% greater value for achene yield then 
drought sensitive (poor performer) LG-5551. Application of N+K (0.5% each) significantly 
(P>0.05) reduced the adverse effects of drought and gave the highest value (66 g) that was 
minimum (54 g) with no spray for this variable (Fig. 4.66). 
Interactions between W × T, T × H and W × H was significant. Highest value (71 g) of achene 
yield was recorded with foliar spray of N+K (0.5% each) in normal plants. The minimum value 
(47 g) was recorded under water stress with no spray. Similarly it was observed that sunflower 
hybrid Hysun-33 exhibited greater value (70 g) in normal plants. While the lowest value (46 g)  
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Table 4.16: Mean square values from analysis of variance table for capitulum diameter, 
 achene yield per plant, number of achene per capitulum and hundred achene 
 weights of two sunflower hybrids under foliar applied nitrogen and potassium 
 subjected to water stress. 
S.O.V d.f. Capitulum 
diameter 
Achene yield/ 
plant 
Number of achene 
/capitulum 
Hundred 
achene weight 
Treatments (T) 2 321.19** 511.86** 75969** 0.63959** 
Water stress 
levels (W) 
 1 702.25** 1344.44** 150803** 4.40300** 
Hybrids (H) 1 1980.25** 1248.44** 78961** 5.68823** 
T × W 2 17.58** 17.69** 764* 0.02330* 
T × H 2 8.58* 53.69** 604* 0.02386* 
W × H 1 10.03* 40.11** 2055** 0.06674** 
T × W × H 2 2.19NS 2.53NS 1095** 0.00159NS 
Error` 24 1.94 2.47 190 0.00611 
*, ** = Significant at 0.01, 0.05 probability level 
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Fig.4.65. Capitulum diameter (cm) of two sunflower hybrids affected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
Fig.4.66. Achene yield/plant (g) of two sunflower hybrids affected supplementary foliar application 
of N and K under water stress imposed at different growth stages. 
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was observed in water stressed plants of LG-5551 for this variable. However, interaction among 
water stress levels (W), treatments (T) and hybrids (H) was non-significant (Table. 4.16). 
4.4.2.8. Number of achene/capitulum 
 Analysis of variance for data for number of achene/capitulum showed highly significant 
(P>0.01) difference between normal and water deficit treatment in both sunflower hybrids (Table 
4.16). Imposition of water deficit at reproductive stage caused 16% reduction in number of 
achene/capitulum as compared to well watered plants. Drought tolerant sunflower hybrid Hysen-
33 showed 11% higher value for number of achene/capitulum than drought sensitive LG-5551. 
Foliar spray of N+K (0.5% each) significantly (P>0.05) minimized the adverse effects of 
drought and gave the highest value (869) while the minimum value (713) was recorded with no 
spray for this variable (Fig.4.67). 
Interaction among water stress levels (W), treatments (T) and hybrids (H) was significant. 
Highest value (955) of number of achene/capitulum was recorded with supplemental foliar spray 
of N+K (0.5% each) in Hysun-33 and the lowest value (584) was observed in water stressed 
plants of LG-5551 with no spray (Table. 4.16). 
4.4.2.9. Hundred achene weight 
Highly significant (P>0.01) difference was observed between normal and water deficit 
treatment with respect to hundred achene weight in both sunflower hybrids (Table 4.16). Water 
stress at reproductive stage caused a significant reduction in hundred achene weight. A 6% 
reduction was recorded in hundred achene weight of water stressed plans with respect to normal 
once. Drought tolerant sunflower hybrid Hysen-33 had 7% higher hundred achene weight then 
drought sensitive LG-5551. 
Supplemental foliar spray of N+K (0.5% each) significantly (P>0.05) reduced the 
adverse effects of drought and gave the highest value (11.96 g) and the minimum value (11.50 g) 
was recorded with no spray for this variable (Fig. 4.68). 
Interactions between W × T, T × H and W × H was significant. Highest value (12.26 g) 
of hundred achene weight was recorded with foliar application of N+K (0.5% each) in normal 
plants that was minimum (11.13 g) under water stress with no spray. Similarly it was observed 
that sunflower hybrid Hysun-33 showed the greater value (12.41 g) in normal plants. While the 
lowest value (10.92 g) was observed in water stressed plants of LG-5551 for this variable.  
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Fig.4.67. Number of achene/capitulum of two sunflower hybrids affected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
 
Fig.4.68. Hundred achene weight (g) of two sunflower hybrids affected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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However interaction among water stress levels (W), treatments (T) and hybrids (H) was non-
significant (Table. 4.16). 
4.4.2.10. Biological yield per plant   
Highly significant (P>0.01) effects of water stress was observed on biological yield in 
sunflower hybrids (Table 4.17). Imposition of water deficit at reproductive stage caused 14% 
decrease in biological yield with respect to control once. Drought tolerant sunflower hybrid 
Hysen-33 exhibited 10% higher biological yield then drought sensitive LG-5551. 
A significant effect of foliar spray N+K (0.5% each) (492 g) was shown on biological 
yield that was minimum (454 g) with no spray for this variable (Fig. 4.69). 
Interaction between W × T and T × H was significant. Maximum value (521 g) of 
biological yield was exhibited with foliar spray of N+K (0.5% each) in normal plants and it was 
minimum (414 g) under water stress with no spray. It was observed that sunflower hybrid 
Hysun-33 showed the highest value (529 g) with foliar application of N+K (0.5% each). While 
the lowest value (438 g) was observed in plants of LG-5551 with no spray for this variable. 
However interaction among water stress levels (W), treatments (T) and hybrids (H) was non-
significant (Table. 4.17). 
4.4.2.11. Economic yield per plant   
Data regarding analysis of variance for economic yield indicated the significant (P>0.05) 
effects of water stress in plants of both sunflower hybrids (Table 4.17). The inhibitory effects of 
water deficit at reproductive were more pronounced on economic yield caused 17% reduction as 
compared to well watered plants. Drought tolerant sunflower hybrid Hysen-33 had 10% higher 
economic yield than drought sensitive LG-5551.  
Foliar spray of N+K (0.5% each) significantly (P>0.05) minimized the adverse effects of 
drought and gave the highest value (170 g) and the minimum value (143 g) was recorded with no 
spray for this variable (Fig.4.70). 
Interactions between W × T and T × H were significant. The greatest value (183 g) of 
economic yield was exhibited with foliar spray of N+K (0.5% each) in normal plants that was 
minimum (128 g) in water stressed plants with no spray. It was revealed that sunflower hybrid 
Hysun-33 showed the highest value (187 g) with foliar spray of N+K (0.5% each). While the 
minimum value (135 g) was observed in plants of LG-5551 with no spray for this variable.  
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Table 4.17: Mean square values from analysis of variance table for biological yield per 
 plant, economic yield per plant and harvest index of two sunflower hybrids  under 
 foliar applied nitrogen and potassium subjected to water stress. 
 
S.O.V d.f. Biological yield/ 
plant 
Economic yield/ 
plant 
Harvest index 
Treatments (T) 2 4365.6** 2354.33** 32.5960** 
Water stress levels 
(W) 
1 44591.4** 7511.11** 14.5288** 
Hybrids (H) 1 21073.4** 5136.11** 22.5150** 
T × W 2 350.2** 24.11NS 0.0698NS 
T × H 2 1490.0** 216.78** 1.5354NS 
W× H 1 4.7NS 28.44NS 0.6972NS 
T × W × H 2 25.9NS 0.78NS 0.1486NS 
Error` 24 72.0 19.06 0.6881 
*, ** = Significant at 0.01, 0.05 probability level 
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Fig.4.69. Biological yield/plant (g) of two sunflower hybrids affected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
 
 
Fig.4.70. Economic yield/plant (g) of two sunflower hybrids affected supplementary foliar 
application of N and K under water stress imposed at different growth stages. 
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However, interaction among water stress levels (W), treatments (T) and hybrids (H) was non-
significant (Table. 4.17). 
4.4.2.12. Harvest index (%) 
Analysis of variance for the data showed significant (P>0.01) difference in harvest index 
of both sunflower hybrids (Table 4.17). Water stress at reproductive stage exhibited 4% decrease 
in harvest index as compared to normally irrigated plants. Drought tolerant sunflower hybrid 
(best performer) Hysen-33 showed 10% higher harvest index than drought sensitive (poor 
performer) LG-5551. Foliar application of N+K (0.5% each) significantly (P>0.05) minimized 
the adverse effects of drought and gave the highest value 35% and the minimum value 31% was 
recorded with no spray for this variable (Fig.4.71). Interaction among water stress levels (W), 
treatments (T) and hybrids (H) was non-significant (Table. 4.17). 
 
 
 
 
Fig.4.71. Harvest index (%) of two sunflower hybrids affected supplementary foliar application of 
N and K under water stress imposed at different growth stages. 
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Chapter 5         DISCUSSION 
 
5.1. Screening of sunflower genotypes 
Drought stress is one of the prime abiotic stresses that severely limit the agricultural 
production throughout the world. The present study was conducted with the aim to develop 
drought mitigation strategies to obtain sustainable crop productivity especially in arid and semi- 
arid regions of the world. A series of laboratory, wire house, lysimeter and field experiments 
were carried out to investigate the role of supplemental nitrogen (N) and potassium (K), alone or 
in combination, in improving the drought tolerance potential of sunflower. The results obtained 
are discussed below: 
Screening of available sunflower genotypes was carried out to select the drought tolerant 
and sensitive genotypes. Variation exists among genotypes in their ability to tolerate the water 
stress.  To develop stress tolerant crop variety or for direct cultivation on soils with low moisture 
exploration of genetic potential of crop germplasm through screening is necessary. In present 
screening of seven sunflower hybrids was carried out in lab conditions using Polyethylene glycol 
(PEG-6000) for developing osmotic stress and physiological indices were used as screening 
criteria for stress tolerance (Ashraf et al., 1996; 1999). . Researchers have identified several 
useful traits such as  coleoptile  length  (Rebetzke  et  al.,  2007;  Bayoumi  et  al.,  2008),  higher  
germination  rate (Mohammadi et al. 2003; Zarei et al., 2007) rapid seedling growth and 
establishment (Rebetzkeand Richards 1999;  Rosyara et  al.,  2008),  root length at  early growth 
stages (Dhanda et al.,2004), and survival of seedlings after desiccation (Bhutta, 2006) for the 
screening of plants. It was observed that PEG induced osmotic stress significantly reduced the 
germination percentage (GP) and germination stress index (GSI) of sunflower genotypes. The 
decrease in osmotic potential reduces the water uptake that affects the radicle and stem growth 
and germination percentage due to decrease in cell turgidity. (Zaefizadeh et al., 2011 and 
Moghanibashi et al., 2012) reported reduction in GSI of sunflower cultivars due to limited water 
uptake by the seeds under water deficient conditions. The reduction in GSI might  be  due to  
PEG-induced decreased imbibition of water in seeds,  hence  due  to  lack  of  water,  hydrolytic  
enzyme  activity  did  not  work  properly  consequently reduction in GSI occurred (Taiz and 
Zeiger, 2006). Metabolic disorders such as slower hydrolysis of storage compounds in 
endosperm and slower transportation of hydrolyzed material to developing embryo could be the 
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reasons for reduction of seed germination under water stress conditions (Ayaz et al., 2000). Our 
results comply with the findings of Nagarajan and Rane (2000) in spring wheat, Sadasivam et al. 
(2000) in rice and Manjula et al.(2003) in castor and strongly support that GP and GSI can be 
utilized as authentic tools for screening under stress conditions. 
The plant height, root length and dry matter accumulation in plants is closely associated 
with the seed germination that significantly affect crop productivity (Chutipaijit et al., 2008). 
Drought stress reduces fresh biomass, root length stress tolerance index (RLSI) and dry matter 
production (Peschke et al.,1997; Ashraf et al., 1998) However increase in root length plays a 
critical role in improving water uptake under water deficit conditions (Bruce et al., 2001). It was 
observed that limited water supply significantly reduced the plant height stress tolerance index 
(PHSI) and dry matter stress tolerance index (DMSI) of all sunflower hybrids. Shamim et al. 
(2009) reported similar findings in sunflower exposed to drought stress and were of the view that 
the closure of stomata results in loss of turgor (Yordanov et al., 2003) that disturbs the 
partitioning and translocation of photo synthates and contributes to reduced dry matter (Epstein, 
2001; Ma et al., 2001). The dehydration of protoplasm, decrease in relative turgidity coupled 
with turgor loss and decreased cell extension and cell division might be responsible for reduced 
plant height under water deficit conditions (Hussain, 2008). The hormonal imbalance (cytokinin, 
abscisic acid) also affects the growth of water stressed plants because of changes in cell wall 
extensibility. 
 Root length is one of the most important characters for drought stress because 
root length is important to increase the area of water absorption. Fraser et al., (1990) described 
that the decrease in the root length under water stress might be due to an impairment of cell 
division and elongation causing to kind tuberization. This tuberization and the lignifications of 
the root system allow the conditions to become favorable again. However, Almaghrabi (2012) 
also reported a similar decrease in root length of water stressed wheat seedlings and suggested 
that the decrease in cell expansion and elongation might be responsible for reduced root growth 
under water stress conditions (Zaidi, 2002). Moreover, the decline  in  the  activity  of  growth  
promoting  hormones  (Banon  et  al,  2006),  and/or  blocking  up  of  xylem  and  phloem  
vessels under water stress conditions might have prevented any  translocation  through  them 
(Abdalla, 2011). 
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In contrast, increase in was also observed by (Mostafavi et al., 2011) who described that 
root length has an important role to a plant’s response to drought resistance. Similar results were 
noted by Chutipaijit et al. (2012) in rice and Hamayun et al. (2010) in barley seedlings. The 
translocation of photosynthates towards roots results in their enhanced growth that consequently 
reduces the shoot length and fresh weight under water deficit conditions. Badiow et al., (2004) 
indicated that the enlargement of the root system in due to water deficit conditions recommends 
that the expression of certain genes controlling root formation is stimulated by drought 
conditions. In addition to dominant alleles controlled the length of roots and the feature could be 
easily incorporated in breeding for drought resistance 
5.2. Stress indices and foliar applied N+K 
 Plant height stress tolerance index (PHSI) decreased under water deficit conditions in 
both sunflower hybrids but supplementary foliar application of nitrogen (N) and potassium (K) 
played a critical role in minimizing the drastic effects of drought on this variable. Foliar 
application of N+K (0.5% each) proved beneficial in alleviating the adverse effects of drought as 
compared to other treatments. N being an important nutrient is essential for plant growth, 
development and for the achievement of higher yield (Fageria et al., 2006; Iftikhar et al., 2010; 
Babar et al., 2011). The defensive character of K in plants under water deficit conditions has 
been attributed to the maintenance of a high pH in stroma and against the photo-oxidative 
damage to chloroplasts (Cakmak, 1997). 
 Root growth, density, proliferation, and size are the key responses of plants to drought 
stress, since roots are the only source for absorbing water from the soil. Enhancement of root 
growth under drought conditions allows the plant to extract more water from deeper soil layers 
Kavar et al. (2007). Many studies confirmed significant increases in root length under drought 
stress conditions (Turkan et al., 2004; Tuna et al., 2010). Supplementary foliar application of 
mineral-nutrient plays a critical role in plants increasing plant resistance to drought stress 
(Marschner, 1995). From the investigation of present study it was concluded that foliar spray of 
N+K (0.5% each) significantly increased root length stress tolerance index (RLSI) by 
minimizing the harmful effects of water stress. Of the mineral nutrients, potassium (K) is 
considered a valuable nutrient in reducing the ill-effects of soil water stress for the existence of 
crop plants. K nutrition to plants enhances root growth and hence, effective exploration of soil 
water decreases the loss of soil moisture by minimizing the transpiration rate and increasing the 
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retention of water in plants (Umar and Moinuddin, 2002). A significant increase in root length 
with N fertilization was also recorded in maize plants by Durieux et al., (1994). 
 Dry and fresh weights of plants decreased under water stress. Likewise, a significant 
increase in dry matter stress tolerance index (DMSI) in both sunflower hybrids was observed 
with foliar application of N+K (0.5% each). Supplementary potassium fertilization at a lower 
dose had a stimulatory effect on DMSI but at higher dose it did not have a significant impact,  
which confirms results obtained by Kaya et al. (2003). Increase in plant dry weight (root and 
shoot) with foliar application of K2SO4 was recorded in mung bean (Ihsan et al., 2013) and 
wheat (Imanparsat et al., 2013) and with foliar spray of KH2PO4 in tomato by Kaya et al., 
(2001). Like this, foliar spray of 250 ppm of KNO3 has beneficial effects on dry matter 
production of shoots and roots in Lagenaria siceraria (Ahmad and Jabeen, 2005). Pronounced 
effects were exerted by N fertilization on photosynthesis and dry matter partitioning between 
shoots and roots Costa et al. (2002). 
5.3. Water Relations parameters 
Plants water relations are significantly influenced by water stress and are usually 
considered as an indicator of turgor maintenance in plants under water deficit conditions. The 
efficient transport of recycled nutrients through the phloem is limited due to inadequate water 
recycling from the xylem under water deficit conditions (Ruehr et al., 2009). The impact of 
water stress on plant water relations is well reported in literature (Saneoka et al., 2004; Iqbal et 
al., 2006). Drought stress significantly reduced water relations in both sunflower hybrids 
however; drought tolerant hybrid Hysun-33 maintained high water relations than sensitive LG-
5551 which might be attributed to differences in their canopy architecture and root penetration 
(Angadi and Entz, 2002b). Maintenance of high water relations by sunflower hybrid Hysun-33 
under water deficit conditions is an indication of its drought tolerance potential, which may be 
due to more water extraction from deeper soil layers, consequently delaying osmotic adjustment 
(Angadi and Entz, 2002b). 
The plants exhibited more negative water potential (Ψw) under limited water conditions 
(Fig.). Supplementary foliar application of N and K significantly reduced the negative effects of 
drought on Ψw in both sunflower hybrids. Results of present study showed that supplemental 
foliar application of N+K (0.5% each) along with recommended soil applied NPK had 
pronounced effects on Ψw and caused a considerable reduction in Ψw. Drought tolerance and N 
171 
 
nutrition are interrelated and supplemental N plays critical role in improving growth and water 
relations under limited water environments (Drenovskyet al., 2012; Saneokaet al., 2004). Foliar 
spray of N is an effective way to support changes in cellular and whole plant levels and to  
maintain function under drought stress because water deficit conditions limit plants ability to 
access soil N due to decreased N supply and its uptake rates. (Lahlou et al. 2003) observed that 
drought stress significantly lowered leaf water potential of potato cultivars. However 
supplemental foliar application of K improved leaf water content (LWC) and leaf water relations 
in Hibiscus (Hibiscus vosa-sinensis), this sustained net photosynthesis, transpiration and stomatal 
conductance in drought and non-drought stress (Egilla et al. 2001).  
It can be suggested that under drought stress, the positive effect of potassium as an 
effective osmolyte in leaf water potential regulation is the cause of this subject. Investigations 
showed that water movement into leaf depends on existence of water potential gradient between 
xylem and leaf, so that reduction in water potential of xylem decreases water potential gradient 
between xylem and leaf. Potassium induce osmotic regulation in leaf cells and reduction of leaf 
water potential consequently creating essential gradient to water movement from xylem toward 
leaf and improvement of leaf water content. These results were agreement with those obtained by 
(Mojayad and planchon 1998; Goksoy et al. 2004; Zlatev and Stotanov 2005; Khosravifar et al. 
2008). It was noted that N and K application at reproductive than vegetative stage was more 
effective in maintaining water relations (except osmotic potential) in sunflower hybrids. Number 
of factors such as the duration and intensity of drought relative to phenology, and the 
evolutionary history of the organism (i.e., phylogeny) (Killingbeck 1996, 2004; Silla and 
Escudero, 2006) influence the uptake and efficiency of N and K utilization at different growth 
stages. Moreover, the N resorption, the withdrawal of N-containing biomolecules from senescing 
tissues, and internal plant N stores play a key role in drought tolerance (Yuan et al., 2007). 
Similarly, plants accumulate abundant K in their tissues that play an important role in water 
uptake along a soil-plant gradient (Glenn et al., 1996). 
The decrease in Ψw caused a parallel decrease in osmotic potential (Ψs) of sunflower 
hybrids. However, supplemental foliar application of nutrients (N+K) significantly affect Ψs. 
Similar, results were reported by Sultana et al. (2001) and Akram et al. (2009), who suggested 
that stress mediated decrease in Ψs can be minimized by the supplemental supply of nutrients. An 
adequate K status may facilitate osmotic adjustment, which maintains higher turgor pressure, 
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relative water contents (RWC) and lower Ψs, thus improving the ability of plants to tolerate 
drought stress (Egilla et al., 2005). Significant differences were observed between sunflower 
hybrids for Ψs, Hysun-33 exhibited significantly higher leaf turgor potential (Ψp) than LG-5551. 
It suggests that Hysun-33 possesses the genetic ability to penetrate roots at faster rate to extract 
water from the deeper layers of soils. Genotypic variation for water relations under water deficit 
conditions has been well reported in field crops like maize (Saneoka et al., 1995), sunflower 
(Angadi and Entz, 2002b), tomato (Makela et al., 1998) and cotton (Meek et al., 2003). The 
decrease in Ψp was higher in plants facing water stress at flowering than vegetative stage. Stress 
conditions alter the internal Ψw values to maintain turgor and water uptake for growth (Tester and 
Davenport, 2003). This requires an increase in osmotica, either by uptake of soil solutes or by 
synthesis of metabolic ingredients. To maintain favorable ionic balance in the vacuoles, 
cytoplasm accumulates low molecular weight compounds, which do not interfere with normal 
biochemical reactions (Zhifang and Loescher, 2003) and do not inhibit water regulation. Some 
compatible osmolyte are essential elemental ions and the majority are organic solutes (Yokoi et 
al., 2002), these osmotic solutes build osmotic balance, control water influx (reduce efflux) and 
enable maintenance of turgor. It is well known that plants under stress condition maintain their 
turgor by osmotic adjustment (Hernandez and Almansa, 2002; Chaperzadeh et al., 2003). 
Supplementary foliar application of N and K significantly improved leaf turgor potential under 
water stress. Maximum value of leaf turgor potential was recorded with foliar spray of N+K 
(0.5% each) under water stress. Potassium accumulation can sustain the internal water balance, 
turgor pressure, osmotic adjustment and physiological processes (photosynthesis and stomatal 
opening) of plants which are subjected to water deficit (Serraj and Sinclair, 2002). Being the 
most abundant osmotic in plants, K plays a crucial role in maintenance of cell turgidity in plants 
(White, 2013).  
5.4. Gas Exchange characteristics 
Photosynthesis is a key metabolic process that helps to maintain plant growth under 
normal or adverse environmental conditions (Na’tr and Lawlor, 2005; Dubey, 2005) which 
disturbed by biotic and abiotic stresses. A significant decrease in photosynthetic rate (Pn) of 
water stressed sunflower plants was observed in the present study. The reduction in Pn may be 
due to structural injuries in photosystem (PS) II or low electron transport through PSII or 
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reduction in light harvesting complexes under drought stress conditions (Hura et al., 2007). 
Moreover, stomatal closure leads to restriction in CO2 that increases susceptibility to photo-
damage and then to photo-inhibition which causes parallel decrease in Pn and quantum yield of 
PSII, resulting a decline in maximum quantum yield of photosynthesis (Fv/Fm) associated with 
loss of PSII activity (Tezara et al., 2005). Supplemental foliar application of nitrogen (N) and 
potassium (K) significantly influenced the Pn in both sunflower hybrids. High or low doses of N 
or K negatively affected the growth of sunflower therefore, optimization of doses of these 
nutrients is essential to obtain maximum yield. The results of our study showed that plants 
foliarly sprayed with N+K (0.5 % each) exhibited maximum Pn, under both normal and water 
stress conditions, whereas low or high doses did not significantly affect Pn. It suggests a positive 
correlation between Pn and optimum N and K supplies since most of the N is used for the 
synthesis of components in photosynthetic apparatus (Shangguan et al., 2000; DaMatta et al., 
2002; Makoto and Koike, 2007) and increases the effective quantum yield of photochemical 
energy conservation in PSII. These results are in agreement with the findings of Shaw et al. 
(2002) who were of the view that optimum N supply significantly improves chlorophyll content 
and Pn in plants. The role of K in the limitation of water loss by regulating stomatal aperture is 
also well established (Kwaket al., 2001; Blatt et al., 2007). It is required for proper stomatal 
opening by providing the osmotic driving force for water influx into the guard cell vacuole 
(Peiter, 2011), thereby, reducing stomatal resistance and enhancing CO2 assimilation (Kwak et 
al., 2001).  
The regulation of leaf stomatal conductance (gs) is a critical mechanism for plants for 
both CO2 procurement and desiccation prevention (Dodd, 2003). The reduction in gs in water 
stressed sunflower plants is in line with findings of  Li et al. (2004) who reported decrease in gs 
in wheat under water stress conditions. Stomatal control is an early response of plants to water 
stress in order to decrease leaf transpiration rate and hold the water in the cells for normal 
biochemical reaction, but that leads to limitation of carbon uptake by the leaves for 
photosynthesis. Reduction in photosynthesis under drought stress is mainly due to stomatal 
closure which limits the CO2 intake by the leaves (Moud and Yamagishi, 2005; Rahbarian et al., 
2011; Habibi, 2013). It was observed that supplementary foliar application of N and K (0.5% 
each) increased gs in both sunflower hybrids under normal as well as water stress conditions. Liu 
et al. (2004) also observed similar results in wheat. The reduced Pn and gs at low doses of K may 
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be explained by the fact that full stomatal closure requires the back pressure by fully turgid 
epidermal pavement cells, whose pressure potential is built by K accumulation (Roelfsema and 
Hedrich, 2002). Therefore, low K supply hampers full stomatal closure due to loss of epidermal 
cell turgidity. Wang et al. (2014) observed the inhibition of stomatal closure in K-deficient plants 
due to increased production of ethylene (Shin and Schachtman, 2004). In contrast, Arquero et al. 
(2006) noted that K starvation improved gs in both well-watered and water-stressed plants of 
olive trees, whereas Basile et al. (2003) found that photosynthetic rates were not influenced by 
stomatal limitations in almond and suggested that leaf K concentration does not significantly 
influence gs.  
 Transpiration rate (E) play an imperative functional role in plants (Caird et al., 
2007; Kupper et al., 2012), such as assisting leaf cooling ( Nobel, 1999), transportation of solutes 
from root to shoot (Tanner and Beevers, 2001), the movement of water and dissolved nutrients to 
root surfaces by mass-flow (Tinker and Nye, 2000; Cramer et al., 2008; Cramer and Hawkins, 
2009) and decreasing rhizosphere nutrient depletion resulting from active nutrient uptake 
(Scholz et al., 2007; Kupper et al., 2012). Our results showed that the sunflower plants subjected 
to water deficit conditions exhibited low E. Drought induced reduction in E is well reported in 
literature  (Gholamin and Khayatnezhad, 2010; Bogale et al. 2011; Rahbarian et al., 2011). 
Foliar N and K application significantly reversed the effect of water stress on leaf E (Fig. 4.60). 
Supplemental foliar spray of N+K (0.5% each) was found to be effective in improving E under 
both normal and water stress conditions. An increase in E by N supply might be due to the 
accumulation of solutes, absorption and utilization of water thus increasing metabolic activities. 
Similar results were reported by Cechin and Fumis (2004) in sunflower applied with different 
levels of N. As N is most critical growth-limiting factor in agricultural crops, an increased N 
fertilization must be accompanied with enhanced K availability to maintain the water status in 
plants particular in water deficit conditions (Römheld and Kirkby, 2010). However, high 
fertilization doses may reduce E as reported by Dordas and Sioulas (2008) in safflower. In the 
present investigation, it has been demonstrated that water stress signiﬁcantly reduced the net 
photosynthesis rate (Pn), stomatal conductance (gs), and transpiration rate (E) of both sunflower 
hybrids. Different factors are responsible for the reduction in CO ﬁxation with the implication of 
stress such as reduced stomatal conductance (Tourneux and Peltier, 1995; Kaymakanova and 
Stoeva, 2008), lower carbon uptake and reduction due to decline in biochemical capacity 
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(Bowman and Strain, 1987; Khan and Panda, 2008), a decline in photochemical capacity (Ball 
and Anderson, 1986) or a combination of all these factors. Many studies have shown that 
photosynthetic parameters are adversely affected under different environmental stresses (Shabala 
et al., 1998; Akhtar et al., 2001; Kaymakanova and Stoeva, 2008). However, soil and foliar 
application of N and K fertilizers alleviated these harmful effects caused by these stress. 
5.5. Photosynthetic Pigments 
Reduction in plant growth under low water availability is mainly due to decrease in 
photosynthetic area and low photosynthetic capacity of plant leaves (Chaves et al., 2009: Liu and 
Shi, 2010). Chlorophyll is the pigment which is involved in photosynthesis in leaves. Different 
environmental stresses adversely affected chlorophyll contents in leaves (Petcu et al., 2001; 
Hossain et al., 2010; Vanaja et al., 2011). The photosynthetic pigments are considered as an 
important index of drought tolerance in plants. Sun et al. (2011) reported decreased chl a+b in 
palm plants subjected to moisture stress. A decrease in photosynthetic pigment is an indication of 
insufficient water supply (Songsri et al., 2009). Maintenance of chlorophyll contents is necessary 
for maximum photosynthetic capacity of plants under water stress. In the present study 
imposition of water stress at vegetative and reproductive growth stages drastically reduced the 
chlorophyll contents in leaves of sunflower hybrids. Similar results were observed by (Maiti et 
al. 2000; Nyachiro et al., 2001) who reported a reduction in chlorophyll a, chlorophyll b and 
chlorophyll a+b by skipping irrigation at any growth stage in leaves of mungbean. This 
decreased in chlorophyll a, chlorophyll b and total chlorophyll contents under water stress show 
consistency with the results of Anjum et al. (2011) who also reported a reduction in chlorophyll 
contents under water stress in maize. Such decrease in chlorophyll contents under water stress as 
reported by Yang et al. (2001) is mainly ascribed due to its higher rate of degradation than its 
biosynthesis. In addition, Schutz and Fangmeier (2001) added that water stress speed up 
chlorophyll a breakdown. The photosynthetic pigments increased with supplementary foliar 
application of N and K as observed in the present study in which maximum value for chlorophyll 
contents was observed with foliar application of N+K (0.5% each) along with soil applied in 
control as well water stress conditions. Our results are in accordance with (Sabo et al., 2002; 
Bojovic and Stojanovic, 2005; Fritshi and Ray, 2007; Houles et al., 2007) who demonstrated a 
positive relationship between leaf nitrogen fertilization, rate and chlorophyll contents in many 
crop species. This increase in photosynthetic capacity of plant leaves with nitrogen fertilization is 
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because of proteins of Calvin cycle, and thylakoids represent the majority of leaf nitrogen 
Gibson, (2005). Foliar fertilization of N in the form of urea increases photosynthetic pigments 
and also increases the stability of the chlorophyll, protein lipid complex and photosynthetic 
activity. A comparable judgment was also reported by Morris et al. (1998) in maize. These 
photosynthetic pigments also show similar trend to potassium fertilizer. An enhancing effect of 
foliar application of N along with K was observed on chlorophyll a, chlorophyll b and total 
chlorophyll contents under water stress that show harmony with the results of Egilla et al. (2005) 
who put on view that adequate K fertilization increases moisture contents of plants. Increase in 
chlorophyll contents with foliar application of K in this study also show similarity with the 
results of Shafeek et al. (2005) who explained that foliar application of K reduces electron 
leakage and increases chlorophyll contents. An increase in chlorophyll contents with foliar 
application of K in leaves of banana (Musa acuminata) and sugarcane (Saccharum officinarum) 
was reported by (Yadov, 2006). Accumulation of a great quantity of photosynthetic pigments in 
the leaf of pea plants was also described by Shafeek et al. (2005) with foliar application of K. 
Total leaf chlorophyll content (Chl a+b) is a good indicator of photosynthetic capacity. A decline 
in biomass production in the plants is attributed due to low concentrations of chlorophyll 
contents (Molinari et al., 2007; Van den Berg and Perkins, 2004). In this study, foliar application 
of N and K significantly increased the concentrations of leaf Chl (a+b) regardless of soil water 
contents. The effects of N and K fertilization on chlorophyll were in agreement with the previous 
findings (Ashraf et al. 1994; Shaw et al., 2002; Van den Berg and Perkins, 2004). 
5.6. Biochemical parameters 
 Plants responses to water stress vary according to their genetic potential and drought 
severity (Mullet and Whitsitt 1996). There are several ways by which plants show resistance to 
drought: osmotic adjustments stomatal closure, leaf rolling, , reductions and consequently 
decreases in cellular expansion, and alterations of numerous essential physiological and 
biochemical processes that can affect growth, productivity and yield quality (Costa et al. 2008; 
Lobato et al. 2008 and Hefny, 2011). Increase in leaf proline concentration was observed from 
the results of the present study under stress imposed at vegetative and reproductive growth 
stages. However, it is worthy to note that high proline contents was recorded in leaves of 
sunflower plants subjected to water stress at reproductive stages. Our results are in accordance 
with the works of (Maiti et al., 2000; Poustini et al., 2007; Tian and Lei, 2007 and Nayer and 
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Haidari, 2008) who demonstrate that proline amassing is a mechanism for plants adjustment to 
abiotic stress conditions. This increase in proline concentration under water stress was also 
reported by Mohammadkhani and Heidari, (2008) and Tatar and Gevric, (2008) in wheat plants. 
Increased proline has been shown to have two vital stress protective functions, as a compatible 
osmolyte and as stimulator of the proline-linked pentose phosphate pathway that leads to the 
synthesis of phenolics and antioxidant enzymes such as superoxide dismutase (Bhowmik et al., 
2008). Findings of Errabii et al. (2006) and Mohammadkhani and Haidari. (2008) indicated that 
manipulation of genes involved in the biosynthesis of such low molecular weight compounds 
such as proline that helps plants to tolerate stress conditions as well as stabilization of cellular 
proteins, a sink for reductant and save of carbon and nitrogen for utilization after reprieve from 
drought. Accumulation of proline under water stress could favor a better recovery of plants as 
described by Tatar and Gevric (2008) that help the plants to maintain relative high water contents 
necessary for plant growth and cellular function Farkhondeh et al. (2012). A significant osmotic 
pressure is generated by proline that balanced the vacuolar osmotic potential as reported by 
Munns and Tester (2008). Supplementary foliar application of N+K (0.5% each) increased 
proline concentrations in present study. Maximum proline accumulation was observed in 
sunflower leaves stressed at reproductive stage with N+K (0.5% each) foliar treatment. Same 
results were also observed by Basole et al. (2003). Our results show consistency with Foyar and 
Noctor (2005) and Molinari et al. (2007) who demonstrated that proline and soluble sugars are 
important osmoprotactant and protect the plants against oxidative damage. Increase in the 
concentration of proline with N application indicated that N input could not alter organic carbon 
distribution. Nitrogen and K is also an important anti stress elements and accelerate the proline 
synthesis under water stress. Accumulation of proline by K fertilization under stress is 
considered due to an increase of ornithine amino transferase activity in ornithine pathway as 
described by Cao and Wei, (2008). Maibaum, (1999) described that K application raises the 
endurance of plants against abiotic stress through nutritional and physiological mechanism and 
referred it a strong anti-stress element. 
 Total soluble sugars have a key role in osmotic adjustment in plants grown under 
stressful environment. Results of present study showed an accumulation in total soluble sugars in 
plants at both vegetative and reproductive growth stages stress. Such increase in total soluble 
sugars under stress was also reported by Johari et al. (2010). An increase in total soluble sugars 
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and decreased in starch concentration under water stress was observed by Mohammadkhani and 
Heidari (2008) in maize plants. Sunflower hybrid Hysun-33 accumulated more soluble sugars 
than LG-5551 under water stress indicating its ability to adjust the environmental conditions. 
Kerepesi and Galiba (2000) confirmed the results of present experiment by describing that 
tolerant genotypes possess more water soluble carbohydrates, glucose, sucrose and fructose then 
sensitive once under water stress. Supplementary foliar application of N and K significantly 
increased total soluble sugars under water stress. However maximum total soluble sugars were 
obtained at N+K (0.5% each) foliar spray in plants subjected water stress at reproductive stage. 
Sufficient application of N is necessary for metabolic processes in plants (Lawlor, 2002) which 
enhanced enzymatic activities involved in the synthesis of carbohydrates and total soluble 
sugars. 
 The accumulation of soluble proteins and osmolytes such as proline serves as a means of 
osmotic adjustment which recovers plant’s ability to tolerate to adverse effects of abiotic stresses 
(Ma and Turner, 2006). Total soluble proteins are generally the products of NO3 assimilation 
(Barneix and Causin, 1996). Water stress at vegetative and reproductive stages gradually 
decreased total soluble proteins in leaves of sunflower but non-significant difference was 
observed at both growth stages. This reduction in total soluble protein under water stress is 
mainly attributed due to change in balance between amino acids and proteins as stress increased 
the breakdown of protein by proteolytic process. Results of present study showed similarity with 
the work of Moussa (2004); Parida and Das (2005) and Ahmad and Jabeen (2009) who also 
observed decrease in total soluble protein under water stress. In this study foliar application of N 
and K increased the total soluble protein in leaves of sunflower under stress and maximum total 
soluble protein was recorded in plants treated with N+K (0.5% each) foliar spray. The results of 
this experiments show similarity with the earlier findings of Mehrabdi and Mahassel (2000) who 
also stated that foliar application of N increases total soluble protein in maize . An increase in 
proteins contents with the application of N as soil amendment was also reported by (Johansson et 
al. 2001; Dupont and Altenbach 2003; Johansson et al. 2004) in soybean (Glycine max L.) and 
wheat. Nitrogen metabolism and accumulation of K can minimized the detrimental effects of 
water stress on soluble protein as ascribed by Zhang (2009). Foliar application of K along with N 
increased soluble proteins in leaves of sunflower as Marchneer, (1995) described that an 
adequate supply of K is necessary for protein synthesis and enzymes activation. Our findings 
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also supported the results of Taiz and Zeiger (2002) and Cherel, (2004) who described that K is 
needed for enzymes activation and protein synthesis as entire structure of proteins and protein 
activity require high concentrations of K+ in the cytosol for best plant functions. Several studies 
(Maathuis and Sanders, 1996; Fanaeia et al., 2009; Ezzat et al., 2010; Mohamma and Mahmood, 
2011) confirmed that K fertilization is effective in mitigating the adverse effects of drought stress 
by enhancing nitrate reductase activity and accumulation of K+, glycinebetaine, free proline and 
soluble proteins. 
 Amino acids are important constitute of plant cell take part in synthesis of proteins and 
other nitrogenous compounds that help in body building of plant. Accumulation of total free 
amino acids under drought has been reported by many scientists (Rao et al., 2009). Navari-izzo 
et al. (1990) described that water stress diminished the synthesis of proteins or increased its 
breakdown that lead to increase in levels of free amino acids. Results of present experiment 
indicate that imposition of water deficit at both vegetative and reproductive stages significantly 
increased the total free amino acids. However maximum value for total free amino acids was 
observed in plants, imposed stress at reproductive stage. This increase in total free amino acid 
under stress may be attributed due to disruption in protein synthesis that induced proteolysis or 
its partial hydrolysis as confirmed by Garg et al. (2004). Similar increase in total free amino 
acids under stress was observed by Rao et al. (2009) in canola cultivars. Supplementary foliar 
application of N and K drastically increased total free amino acids under drought in both 
sunflower hybrids. An increase in amino acids contents in this study was observed in plants 
given stress at reproductive stage treated with N+K (0.5% each). Our results are in accordance 
with Almodares et al. (2008d), who reported the significance of N for the synthesis of amino 
acids, nucleic acids and some organic acids that have a critical role in plant growth and 
development. Increase of total free amino acids (Navari-izzo et al. 1990) under water stress 
increases the ability of plants to tolerate the stress conditions through increase in osmotic 
potential, or as reserve of nitrogen. Plant growth and development is restricted in N deficient 
plants. Nutrients fertilization can drastically increase total free amino acids and nitrogenous 
compounds in plant biomass (Noberg et al., 2010 and Pavlik et al., 2010). Two important 
sources of N used by plants are ammonium and nitrate. An adequate and satisfactory 
accessibility of ammonium and nitrate to plants can increase their capability for amino acids 
production (Atanasova, 2008). Both sunflower hybrids differed with respect to total free amino 
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acid which may be attributed due to genetic makeup as also reported by Rhodes and Samaras 
(1994). 
5.7. Achene oil and proteins contents 
Sunflower being an important oil seed crop required a lot of attention of breeders and producers 
to increase its oil and achene protein contents. Oil and protein are important ingredients of 
sunflower crop. They are synthesized and deposited in the grains during pod filling Ghassemi-
Golezani et al. (2010). From the results of present investigation achene oil contents and protein 
contents significantly reduced under stress at vegetative and reproductive growth stage. 
Maximum decreased was observed at vegetative stage of water stress. Water stress during 
reproductive stage caused less reduction in oil and protein contents than that imposed at 
vegetative stage. Present findings are in agreement with Ghassemi-Golezani and Lotfi, (2012) 
who reported increase in oil and protein contents in plants exposed to water stress at reproductive 
stage due to less production, but plants had larger grains at this stage. In contrast, Esmaeilian et 
al. (2012) illustrated that in sunflower water stress at grain filling stage caused reduction in oil 
contents but increased protein contents. This low oil percentage under water stress is mainly 
attributed due to short grains filling duration and inhibition of nitrate absorption under stress 
caused reduction in protein contents. Supplementary foliar application of N and K significantly 
increased achene oil and proteins contents under water stress conditions in both sunflower 
hybrids. The highest value of achene oil and protein percentage was observed in plants sprayed 
with N+K (0.5% each) at reproductive stage. Similar encouraging effects of K on seed oil and 
crude protein contents in cotton plants was reported by Fan et al. (1999) and Abou El-Nour et al. 
(2000). Foliar application of K not only increased oil yield but also have great effects on the 
concentration of carvacrol and other oil components in oregano plants (Said-Al-Ahl et al., 2009). 
An increase in oil contents particularly in sunflower crop with K application was also reported 
by Soleimanzadeh et al. (2010). There are some contradictory reports in literature on the effects 
of foliar K on oil and crude protein percentage. Mekki et al. (1999) while working on sunflower 
demonstrated that foliar application of K @ 0 - 3.5% decreased oil contents in plants given stress 
at grain filling stage. Nitrogen nutrition has great effects on seed oil composition and increases 
the percentage of unsaturated fatty acids while showed reduction in the saturated fatty acids in 
flax crop (Kheir et al., 1991). An increase in oil contents in thyme with foliar application of N 
was also observed by Jabbari et al. (2011). Foliar application of N in the form of urea has great 
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effects on the photosynthetic parameters and essential oil contents in the cultivation of calamus 
(Meneghini et al., 1998). This increase in oil contents of seeds via N fertilization is due to more 
vegetative growth and production of higher carbohydrates in plants that transferred to seeds 
(Hasanzade, 2002). Increase in crude protein contents with N nutrition in this study is in line 
with the results of Shinde et al. (1993), Ayub et al. (1999) and Mahmud et al. (2003) who 
reported that this increase in protein contents is the results of amino acids formation with N 
fertilization. There are several factors such as genetic makeup of sunflower hybrids used in this 
study, growth conditions and soil characteristics which may cause differences in the results of 
present study with that of Mekki et al. (1999). 
5.8. Plant growth and biomass parameters 
 Water deficit at both vegetative and reproductive growth stages pronounced effects on 
morphological characteristics (plant height, plant fresh and dry matters, leaf area/plant and 
specific leaf area) in both sunflower hybrids in present experiments. A significant decreased in 
plant fresh and dry weight was observed under water stress conditions at both vegetative and 
reproductive growth stage in this study. Fresh and dry biomass of plant reduced under water 
deficit conditions as observed by Zhao et al. (2006). Manivannan et al. (2007) in sunflower and 
by Sankar et al. (2007) in lady finger (bhindi) found that fresh and dry weights of plants reduced 
under drought stress. The decrease in biomass may create the disorder in the remobilization of 
the assimilates from source to mature grain (sink). Results of both (lysimeter and field 
experiments) indicated that all these parameters showed more reduction at vegetative stage stress 
as compared to reproductive stress. Our findings are in consistence with Shao et al. (2009) who 
explained that reduction in plant height, shoot fresh and dry matters and leaf area under water 
stress is possibly due to more leaf senescence and reduction in cell enlargement. Inadequate 
availability of water caused low plant growth rate, photosynthesis and canopy structure that lead 
to decrease in plant fresh and dry weight (Shao et al., 2009). The unfavorable effects of water 
stress on plant growth have been reported by many scientists in a number of crop species 
(Samarah et al., 2004; Garg et al., 2004). Reduction in cell division and plant dry weight due to 
water deficit has been emphasized by previous studies (Maiti et al., 2000; Robertson et al., 2004; 
Thalooth et al., 2006). Decreased in dry matter biomass under water deficit was also reported by 
Lobato et al. (2008) in soybean. 
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 Mineral nutrition in soil and plant organs affected by unfavorable environmental 
conditions (Yuncai, et al., 2008) however, adequate nutrients supply is beneficial to enhance 
plant growth (Studer, 1993; Bagayoko et al., 2000; Brucket al., 2000). Supplementary foliar 
application of N and K in both these experiments proved beneficial in minimizing the adverse 
effects of drought. Increase in leaf fresh matter by N fertilization is due to increase in leaf area 
and leaf number as also observed by Cai and Qian (2003) and Ding et al. (2005) that there is 
close relationship between N fertilization and plant biomass. Similar increase in growth was 
observed by Adeniyan et al. (2011) in sunflower. This increase in dry matters accumulation, leaf 
area and plant height under stress is mainly attributed due to an elevated capability of 
photosynthesis by K fertilization that facilitate the capturing carbon and enzyme Rubisco activity 
and make better synthesis and biomass transport (Maathuis, 2007) as cycling and recycling of K 
play a key role in NO3- translocation from root to shoot as counter ion and assimilate loading in 
the phloem. The partitioning and the amount of phloem translocation of K+ from the shoot and 
cycling through the root are quite different depending on plant type and can be changed by stress 
(Jiang et al. 2001; Lu et al.2005). An increase in crop growth is associated with K fertilization 
for the encouraging effect of this nutrient in osmotic adjustment, stomatal regulation, 
photosynthesis, and protein synthesis (Ashraf and Naz, 1994; Quintero et al., 1998). It is 
considered as an essential element regarding plant growth and development has 3-5% more 
contribution in total plant dry weights (Marschner, 1995).  
 An increase in all growth parameter by N fertilization is due to an increase in cell 
enlargement and cell division (Patel and Pathak, 1996). Maize plants fertilized with N gave 
higher dry matter production Abbas et al. (2003).  It has been revealed that N is the primary 
chlorophyll ingredients in plant cell that induced changes in chlorophyll may relate to 
photosynthetic capacity and influenced growth and developmental (Ustin et al., 1998) resulting 
both dry matter and seed yield (Dawson et al., 2003). Increase in leaf area under stress was also 
recorded by Ahmad et al. (1990) and Oscar and Tollenaar, (2006) by N fertilization. Behboudian 
and Anderson, (1990) found decreased in dry matter and leaf area in K deficient tomato plants 
Nitrogen and potassium application have great effects on plant height as Hasanzade, (2000) 
described that N not only enhance vegetative growth but also increases plant height. Similarly K 
fertilization improves CO2 fixation via better stomatal conductivity that lead to increase 
carbohydrate production and finally plant height (Marschner, 1995). Our results are in agreement 
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with findings of many researchers (Sultana et al., 2001; Tabatabaei and Fakhrzad, 2008; Cha-um 
et al., 2010) who investigate that nutrients are efficiently used by plants while applied directly on 
their shoots as compared to soil application. Nutrient sprayed on leaves contain more 
concentration of respective element as compared to non-sprayed plants yet under stressful 
environment. 
5.9. Antioxidant enzymes 
 The production of reactive oxygen species (ROS), due to water stress is commonly 
reported by many workers (Mano, 2002; Palma et al.2002; Yazdanpanah et al. 2011), which 
damage cellular constituents such as lipids, carbohydrates, proteins and nucleic acids etc. 
(Smirnoff, 1998). They also have a profound effect on the resistance of chlorophyll and 
carotenoid membrane which adversely influenced the photosynthetic and respiratory processes 
and the subsequent growth of the (Tezara et al., 1999; Chaitanya et al., 2002a; Parry et al., 
2002). Antioxidant enzymes are the key elements in the plant’s defence mechanism against 
environmental stresses (Williams and Yepez, (2008). The activities of antioxidant enzymes are 
significantly enhanced under water deficit conditions (Yao et al., 2009). Both enzymatic and 
non-enzymatic antioxidant constituents help plants to cope the toxicity of ROS under stress 
conditions (Jiang and Zhang, 2004; Ashraf, 2009). A close relationship between antioxidant 
enzymes and stress has been documented in literature (Olmos et al., 1997; Franck et al., 1998 
and Dewir et al., 2006). Our study also showed significant increase in the enzymatic activity of 
both sunflower hybrids which may associated with the production of ROS under water deficit 
conditions. The foliar spray of NK in combination,  markedly improved the defense mechanism 
of plants through enhanced activity of catalase (CAT), peroxidase (POX), ascorbate peroxidase 
(APX) and superoxide dismutase (SOD), whereas, plants with no spray resulted in poor growth 
and yield. These results are in agreement with the findings of Cakmak (2000) who suggested that 
nutrients deficiency decreases the activity of antioxidant enzymes, which in turn increases, plants 
sensitivity to environmental stresses that result in reduced growth and yield. In contrast, Habibi 
(2004) observed that there are no positive relation between production stability and enzymes 
activation in sunflower. The increase in enzymatic activity by supplemental foliar application of 
N and K indicates that K supply is positively associated with other mineral nutrients for the 
detoxification of active oxygen species under drought stress. Catalase (CAT) is one of the 
important enzymes that play a significant role against ROS (Mioduszewska, 2001). Its activity 
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rises very rapidly during the period of any environmental stress. Unfavorable environmental 
conditions not only adversely affect the growth and development of plants, but also accelerate 
the production of ROS in plant cells and tissues (Ramachandra Reddy et al., 2000; Chaitanya et 
al., 2002b; Mano, 2002). 
 Results of present experiment indicated that catalase activity increased under water stress 
imposed at any growth stages. However maximum increment was observed in sunflower plants 
given stress at reproductive stage. Our results showed consistency with (Jiang and Zhang, 2004; 
Ashraf, 2009) who showed that plants produced ROS such as superoxide, hydroxyl radicals, 
hydrogen peroxide and singlet under water stress. The concentration of ROS should kept low 
because their accumulation caused cell death due to oxidative processes such as lipid 
peroxidation, protein oxidation, and DNA damage (Gill and Tuteja, 2010). The ROS have been 
shown to cause oxidative damage to membrane lipid structure (Ashraf, 2009) which is 
manifested due to the release of MDA (malondialdehyde), as well as the regulation of 
antioxidant enzymes (Teisseire and Guy 2000; Zhang et al., 2007). To minimize the harmful 
effects of these ROS, plants develop antioxidant enzyme such as (CAT). Improperly balanced 
mineral fertilization results in the occurrence of highly reactive free radicals which damage 
cellular macromolecules (Lata et al., 2004). Antioxidants and oxidative stress enzymes 
participate in the acclimatization of plants to unfavorable environmental conditions. Foliar 
application of N+K (0.5% each) was found to be effective in reducing the harmful effects of 
drought and proved beneficial in the present experiment under stress imposed at different growth 
stages. Maximum CAT and POD activities were observed in plants treated with N+K (0.5% 
each) in this study. Our results are in agreement with Okuda et al. (1991) who revealed that 
nitrogen application increases CAT and POD activities.  
 A stimulating effect of macronutrient fertilization on CAT and POD activities has also 
been observed in various organs of crop plants: in the leaves of wheat (Polesskaya et al., 2004), 
in potato tubers (Mioduszewska, 2001), and in cabbage (Gurgul, 1980). Excess nitrogen fertilizer 
can induce oxidative stress in the plant and alter the activity of enzymes protecting it against 
ROS. In contrast, Vanacker et al. (2006) demonstrated a decrease in CAT in the leaves of Pisum 
sativum L. after 12 weeks experiment with nitrogen fertilization. Potassium (K) is also a vital  
macronutrient and playing a significant role in metabolism as it functions as a cofactor of many 
enzymes and is required for charge balance and transport of metabolites (Marschner, 1995). An 
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enhanced activity of ribulose-1, 5-bisphosphate carboxylase was observed in plants applied with 
sufficient K (Zhao et al., 2001; Cakmak, 2005; Weng et al., 2007). Increase in CAT activity with 
K fertilization showed harmony with the results of Ashraf et al. (2011) who demonstrated that K 
have critical role in photosynthetic pigments and photosynthetic capacity via effects on the 
activities of several photosynthetic enzymes. Soleimanzadeh et al. (2010) reported similar results 
in sunflower and found that the activities of CAT and POD were positively correlated with K 
application. CAT and POD are the enzymes constituting the first line of defense under stress 
conditions (Mioduszewska, 2001). Their activities increase very quickly during the action of a 
stress factor (Cakmak, 2005). Under stress conditions, these enzymes can continuously collect 
free radicals, which are the products of aerobic metabolites (Yao et al. 2009). Peroxidases (POD) 
are the collection of enzymes that catalyse the breakdown of H2O2 (Mittler 1993), preventing 
cellular peroxidation and other possible damages. Therefore, the production of antioxidants can 
help the plants to handle the stress. When plants are subjected to different stresses, the activities 
of antioxidants are increased to alleviate the adverse effects of stresses through degrading the 
products of stress including free radicals such as superoxide and peroxide, which are not 
favorable to plant growth (Cakmak 2000; Habibi et al., 2004; Rahimizadeh et al., 2007). 
Therefore, determination of antioxidants activity in plants can be a useful indicator for plant 
response to the stress and accordingly the appropriate ways of alleviating stress. High-level 
antioxidants like ascorbate peroxidase (APX) are responsible for degradation of ROS in plants at 
various growth stages. Ascorbate Peroxidase uses two molecule of ascorbic acid thereby creating 
H2O2 to water along with two molecules MDHA (MDA) and an increased concentration of 
ascorbate peroxidase under water stress conditions was also observed (Sharma and dubey, 2005).   
Drought tolerance concept is one of the most indefinite in literature (Blum 2005). Many 
tolerance mechanisms have been evolved, some of which are; dehydration tolerance level using 
genetic engineering techniques under laboratory condition (Jenks et al. , 2007; Nelson et 
al., 2007), ROS detoxification under stress condition (Lee et al., 2007; Yang et al., 2007; Zhu et 
al., 2007) and facilitating the drought avoidance mechanism with hormonal balance (Rivero et 
al., 2007). It is well thought that antioxidant enzymes activities are important indicators of 
scavenging ROS and reducing oxidative stress (Lin and Kao, 2002). Among antioxidant enzymes 
SOD have superficial role that may convert superoxide radicals into H2O2 and H2O2 further 
decomposed by CAT and POD (Redman et al., 2011). The activities of enzymes such as SOD, 
186 
 
especially under stress, can affect the structure of activated species such as superoxide and 
hydrogen peroxide spraying plants with nutrients is also considered an authentic approach to 
reduce the drastic effects of ROS. In this study drought stress and foliar application of N+K 
(0.5% each) significantly increased the activity of SOD against ROS. Similar finding were 
expressed by Esfandiari et al. (2007) who described a close relationship between increased SOD 
activity and decreased oxidative damage. Results of this study showed similarity with many 
others (Sun et al., 2001; Zhang and Liu, 2001; Saneoka et al., 2004) who also explained the 
enhancing effects of nitrogen fertilizer on antioxidant enzymes particularly, SOD. Increased 
activity of SOD is a key mechanism for higher dry matter production and obtaining maximum 
crop yield under water stress (Fotelli et al., 2002). Similar increase in SOD activity was reported 
by Tohidi Moghadam et al. (2009) in canola plants with K fertilization under drought stress. The 
increased activities of SOD and AXP suggest that K play an active role in the activation of 
defense mechanism against the increased production of ROS under limited water conditions. The 
scavenging action of SOD is related with its catalyzing role in the disproportion of O2- radical to 
H2O2 and O2 (Saher et al., 2004). 
5.10. Achene nutrients uptake 
 Drought stress affected the agricultural productivity adversely by minimizing the uptake 
of water and nutrients (Du et al., 2010). Under water stresses conditions, crop roots cannot 
absorb some important nutrients from soil (Heidarian et al. 2011) necessary for optimal plant 
growth and productivity, however, foliar application of nutrients found more effective as 
compared to soil amendment of these (Narimani et al., 2010).  Results of present study indicated 
that drought stress significantly reduced achene N, P and K contents in both sunflower hybrids 
imposed either at vegetative or reproductive growth stage as compared to normal ones. However, 
shortage of water at vegetative stage caused more reduction in achene N uptake as compared to 
reproductive stage. Our results are in accordance with Baligar et al. (2001) and Hussein et al. 
(2009) who reported that the concentration of different nutrients in grains slightly affected by 
drought. Generally this reduction in N uptake by roots and its transport from root to the shoots is 
mainly attributed due to restriction in transpiration rates and impaired active transport and 
membrane permeability under water stress (Alam, 1999). However supplemental foliar spray of 
N+K (0.5% each) significantly increased achene N contents under both normal as well water 
stressed plants of both sunflower hybrids. El-Faham et al. (1993) confirmed the results of this 
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study by describing that foliar application of urea has considerable effects on N uptake in barely 
grains. Nevertheless, Ruiter and Ruiter (1999) revealed that grain N concentration responded to 
N fertilization but did not to water treatments. High N uptake under drought is due to 
accumulation of more free amino acids in plants that are not synthesized into protein under stress 
conditions (Alam, 1994). Potassium is also an important macronutrient plays vital role in 
combating the adverse effect of drought by changing the physiological processes in plants as it 
involved in more than 60 enzymes activities necessary for their proper growth and productivity 
(Hu, and Schmidhalter, 2005). El-Zieny et al. (1990) showed positive interaction between K and 
water deficit on the uptake of N in different parts of barley plants. Similarly Prokosher et al. 
(1985) pointed out that achene N uptake increases with K fertilization because it stimulates the 
nitrate reductase activity (NRA), a key enzyme involved in the N metabolism (Ashraf et al., 
1998). 
 Like N, decreased in achene P uptake was also reported in water deficit plants (Ashraf et 
al., 1998). Achene P concentration was significantly lower in water stressed plants as compared 
to normally irrigated once but maximum reduction was noted in plants given stress at vegetative 
stage of plant development. (Ashraf et al. 1998) and Barua et al., 1998) confirmed the results of 
present study in wheat and rice crops stated that P uptake decreased under water deficit 
conditions due to low soil moisture availability. Low uptake of P in water stressed plants 
accomplished by low diffusion rate and mass flow of nutrient from rhizo-sphere to the root 
surfacedue to the replacement of water by air in the soil pores (Chapin, 1991). Controversial 
results were observed by Kidambi et al. (1990) describing no effect of water stress on P uptake. 
Supplementary foliar application of N+ K (0.5% each) significantly increased P uptake under 
control as well as water stressed conditions. These findings coincide with Shrivastava et al. 
(1993) who found a positive relationship between N fertilization and P uptake. Similarly 
nutrients uptake in cotton plants sprayed with K was also recorded by Fan et al. (1999) 
indicating that K content in petioles and total dry matter production in cotton increased by 
application of K. Our results are in agreement with Sangakkara et al. (2000) who stated that 
potassium spray can improve drought tolerance of crops by mitigating its drastic effects. 
Increased P contents with foliar application of K were also reported by Hussain et al. (2013) in 
barley plants. 
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In contrast, N and P a significant increase in achene K concentration was observed in 
both sunflower hybrids under water stress. However, maximum K uptake was recorded in plants 
given stress at reproductive stage. Different researchers (Khondakar et al., 1983 and Ashraf et 
al., 1998) have already shown the deleterious effects associated with reduced K uptake and 
translocations of K+ by plants under different environmental stresses. Our results showed a close 
conformity with different researchers who described increase in K concentration under water 
stress in eggplant (Kirnak et al., 2001), wheat (Baque et al., 2006), and broccoli (Yildirim et al., 
2007). Increase in K concentration under drought results in a parallel increase in the stomatal 
conductance (Kant and Kafkafi, 2006). Supplementary foliar application of N+K (0.5% each) 
significantly increased the K uptake under water stress in both sunflower hybrids. However 
maximum absorption was recorded in Hysun-33 as compared to LG-5551. N being an essential 
nutrient in creating plant dry matter, as well as many energy-rich compounds which regulate 
photosynthesis and plant production (Wu et al., 1998). Foliar fertilization of urea documented 
positive effects on wheat growth and its yield.  Moreover, nutrient uptake by wheat also 
increased by the foliar application of urea Maitlo et al. (2006). Earlier, it has been reported that 
the foliar nutrients application enhance nutrient use efficiency and hence it is an environmentally 
friendly technique. Foliar fertilization is also beneficial technique for increasing nutrients uptake 
efficiency of applied nutrients (Fageria et al., 2009; El-Aal et al., 2010; Zodape et al., 2011). 
Achene K uptake by foliar application of K was also reported by Fageria (2009). Our results are 
also in agreement with (Ouda et al., 2005) who also found an increase in K contents in barley 
grains with foliar spray of K.    
5.11. Yield and yield parameters  
 Water deficit is a major threat to growth and yield of a plant Souza et al. (2004). Drought 
reduced plant yield components (Anjum et al., 2011), especially grain weight (Nasri, 2005). This 
reduction was attributed due to less production of photosynthates under water deficit conditions 
(Anjum et al., 2003; Wahid and Rasul, 2005). The results of present study prevailed that all yield 
and yield components (head diameter, acheneyield/plant, hundred achene weight, number of 
achene/capitulum, economic yield/plant and biological yield/plant) significantly decreased under 
water stress at both vegetative and reproductive growth stages. Nasri et al. (2005) described that 
drought imposition at vegetative or reproductive stage caused efficient loss in grain yield and 
yield components in wheat crop. Nazami et al. (2008) described a similar reduction in stem 
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diameter, head size, seed number head-1, weight of 1000 grains and grain weight head-1 in 
sunflower under dry and semi-dried conditions.  
 A considerable effect of supplementary foliar application of N and K was predicted on all 
yield and yield components under water stress in both experiments. The results of both 
experiments (Lysimeter and field experiments) indicated that maximum values for yield and 
yield components were recorded with N+K (0.5% each) foliar spray in plants given stress at 
reproductive stage as compared to vegetative stage. Our finding are in agreement with Hasina et 
al. (2011) who demonstrated that foliar application of different nutrients significantly increased 
all yield components in wheat crop. In contrast, decrease in yield components was observed in 
plants given stress at flowering stage as reported by Gupta et al. (2001) and Saleem (2003). Fathi 
et al. (1997) demonstrated that with increasing N application grain yield, number of grains head-1, 
plant height and weight of 1000 grains can be increased. Kasem and El-Mesilhy (1992) pointed 
out that head diameter, 100-seed weight, seed yield/head, seed yield plant-1, and seed, straw and 
biological yields in sunflower were increased by the N application.  
 Foliarly applied nutrients are easily taken up by crops and in return increase in crop yield 
(Arif et al., 2006). Foliar application of K can eliminate the adverse effects of drought on the 
growth of wheat and is translocated in all plant parts that consequently increases yield/plant (EI-
Ashry et al., 2005). The problem of low grain yield can be minimized by K fertilization (Damon 
and Rengel, 2007). It is proved by many scientists that foliar application of K is useful in 
osmotic adjustment of plants under water stress and therefore, has huge contribution in 
improving plant yield (Foyar et al., 2002). Results of present study also indicated that drought 
tolerant hybrid showed less reduction in yield as compared to sensitive one. Maintenance of 
higher yield by sunflower hybrid Hysen-33 as compared to LG-5551 in this study indicates its 
ability of being drought tolerant. It is important to identify the best growth stage of crop where 
irrigation could be skipped caused minimum loss to achene yield. As evident from the results of 
both experiments of presents study it is concluded that foliar application of N and K at 
reproductive stage of stress caused minimum losses to crop and proved best stage. 
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SUMMARY 
The present study was conducted aiming to assess the role of supplementary foliar 
applied nitrogen (N) and potassium (K) in alleviating the adverse effects of drought on growth 
and yield of sunflower and to determine the appropriate combination of foliar applied N and K 
for enhancing drought tolerance ability of sunflower. A series of laboratory, greenhouse/wire 
house, lysimeter and field experiments were carried out during the course of study. The results of 
these experiments are summarized below: 
 In the first phase of study, seven available sunflower hybrids viz. Hysun-33, Hysun-39, 
FH-385, FH-106, LG-5551, Armani and FH-405 were screened out in one laboratory and one 
wire house experiment using physiological indices to evaluate their drought tolerance potential. 
During laboratory experiment, the seeds of these sunflower hybrids were subjected to two water 
stress levels i.e. 0 (control) and -0.6MPa (osmotic stress) developed by using PEG-6000. It was 
observed that Hysun-33 maintained the highest germination percentage (GP), emergence index 
(EI), promptness index (PI) and germination stress index (GSI), whereas LG-5551 exhibited the 
lowest value for these indices. Three pot experiments were conducted in wire/glass house by 
growing Hysun-33 and LG-5551 sunflower hybrids under normal (100 % field capacity) and 
stress (60 % field capacity) conditions to test their drought tolerance potential. The results were 
found to be similar to the laboratory experiment as Hysun-33 gave the maximum values for plant 
height tolerance index (PHSI), root length stress tolerance index (RLSI) and dry matter stress 
tolerance index (DMSI), whereas the minimum values were recorded in LG-5551. On the basis 
of these experiments, Hysun-33 was categorized as drought tolerant and LG-5551 was identified 
as the most drought sensitive hybrid. 
In second phase of study,the identified drought tolerant and sensitive sunflower hybrids 
(Hysun-33 and LG-5551) were used to optimize the best combination of foliar applied nitrogen 
(N) and potassium (K) dose under water deficit conditions. The plants were subjected to six 
treatments (no spray, water spray, 1% N, 1% K, 0.5% N + 0.5% K and1% N + 1% K) of 
supplemental foliar application and grown for five weeks in plastic pots using sand as growth 
medium under normal (100% field capacity) and water stress (60% field capacity) conditions. It 
was observed that both normal and water stressed plants foliarly sprayed with N + K (0.5 % 
each) showed less decrease in water (Ψw) and osmotic potential (Ψs) as compared to other 
treatments resulting the improvement in turgor potential (Ψp). Similarly, the highest increase in 
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physiological indices and photosynthetic rate (Pn), transpiration rate (E) and stomatal 
conductance (gs) was noted in plants foliarly sprayed with N + K (0.5 % each) under both normal 
and water deficit conditions. Moreover, the drought tolerant sunflower hybrid (Hysun-33) 
maintained higher values for physiological indices, water relations and gas exchange 
characteristics than sensitive hybrid (LG-5551). These results indicated that foliar spray of N + K 
(0.5 % each) was the effective dose for improving the drought tolerance potential of sunflower 
hybrids, so it was used to optimize the best growth stage in lysimeter experiment. 
A lysimeter experiment was carried out in the third phase of study to investigate the 
effects of supplementary foliar applied N and K on growth, yield, physiological and biochemical 
traits of sunflower under drought stress. The sunflower hybrids were foliarly sprayed with N + K 
(0.5 % each) at vegetative and reproductive stages. Results clearly indicated that the plants 
foliarly sprayed with N and K in combination at vegetative stage exhibited the less negative Ψw 
and Ψs and maintained higher turgor and high relative water contents (RWC) than those treated 
with  N and K at reproductive stage under both normal and water deficit conditions. Similarly, 
chlorophyll contents were higher in plants foliarly sprayed with N + K (0.5 % each) at vegetative 
stage than reproductive stage. However, both sunflower hybrids maintained higher gas exchange 
characteristics at reproductive stage as compared to vegetative stage with foliar spray of N+K 
(0.5% each). Furthermore, the accumulation of osmoprotectants and activity of antioxidant 
enzymes was observed to be higher in both normal and water stressed plants applied with N and 
K in combination at reproductive stage than vegetative stage. The uptake of nutrients (N, P and 
K) was also significantly enhanced by supplementary foliar applied N and K, nutrient uptake was 
also higher at reproductive than vegetative stage. Supplemental foliar spray of N + K (0.5 % 
each) caused significant improvement in the yield and quality parameters of sunflower hybrids. 
Confirmatory results were obtained from a field experiment conducted using same sunflower 
hybrids, supplemented foliarly with N + K (0.5 % each).  
For further confirmation of above results two field experiments were conducted using 
same drought tolerant (Hysun-33) and sensitive (LG-5551) sunflower hybrids and the effect of N 
+ K (0.5 % each) foliar spray was tested on growth and yield attributes of sunflower hybrids 
under drought stress applied at reproductive stage. A significant decrease in growth and yield 
attributes of both sunflower hybrids was noted under water stress conditions. However, 
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supplemental foliar spray of N + K (0.5 % each) significantly reduced the drastic effects of 
drought stress and resulted improvement in yield than control plants (no spray).    
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FUTURE THRUST 
 
Significant efforts have been made to tackle the drought problems in all over the world for many 
years but frequent droughts in recent past demand future farming systems to be more viable and 
efficient to ensure food security in the world. The present study would contribute significantly in 
improving drought tolerance potential of sunflower through supplementary foliar application of 
N and K in water deficit areas. Nitrogen and K are the major nutrients for the crop growth and 
development and also play vital role for enhancing crop yield under field condition. So we 
recommended foliar application of N and K under field condition of Pakistan because the foliar 
application is useful for minimizing drought and it is not so much costly. This technique is 
economically practicable for farmers to achieve maximum output. However, further studies are 
suggested to understand the N and K foliar fertilization mediated physiological and molecular 
processes involved in mitigating the adverse effects of drought. Some of these include:  
 The study of other antioxidant enzymes like glutathione peroxidase after the foliar        
application of supplemental N and K can explain the action of these nutrients regarding 
antioxidant synthesis or their involvement in stress tolerance. 
 Only soluble proteins were estimated in the present study. A detailed study on stress proteins 
and protein metabolism would certainly help to determine the positive role of supplementary 
foliar application of N+K under drought stress. 
 Efficient utilization of foliar applied N+K in sunflower plants would help to induce drought 
tolerance in sunflower.  
 In the present study limited osmoprotectants have been studied. Studies on other 
osmoprotectants like glycinebetaine, trehalose, organic acids etc. are suggested to understand 
osmotic adjustment in sunflower to drought stress conditions. 
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